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QfrBQDUCTXOlf 

has  be«»  consid«r4Ki  the  forgiveness  of  nature  «  her  constant 
bfflfiedicticm,    HoHtv«r  this  ccmcept  as  related  to  the  present  njetlKxJs  of 
IPMdiicti(»)«  has  been  changing  rapidly  «s  snft  has  ettoopted  to  adopt  aeasoMt 
to  derive  aaxiisuB  benefits  fron  p&st»ree»    In  order  to  keep  down  pxoducUctk 
costs  in  «By  Uvestoek  ent<Krt»ise«  It  is  of  utracwt  liaportance  to  increase 
yieldto  by  resorting  to  such  systsi^  of  msmaseia^nt  beet  suited  to  X<Kial 
eonditl<»»  and  other  tneasures  that  bring  about  efficient  utilisation. 
MbMidmKW  of  good  pasture  provides  chBop  feed  ctmtainlng  ctost  of  the  rec{uirs4 
nutrients  for  lives todt  and  Is  con<k»civ«  to  good  prockictioi*    The  influence 
ef  grazing  oanegeoent  an  the  quality  of  pasture  has  been  recognixed  and 
considered  Saportant  fro«  early  tliws.    The  place  that  pastures  occupy  in  ihe 
livestock  Irehistry  can  very  well  be  appreciated  by  the  estlraate  that  grass- 
land, hay  land  and  forest  range  cover  nearly  60  percent  of  land  area  of  the 
United  States. 

If  tihe  results  of  pasture  production  are  to  find  practical  a^lication, 
ttiff  have  to  be  raeasured  by  the  stfiicialt  utilizing  ^m  pastures*    It  is  now 
nell  reeo^zed  that  the  cmtributlon  that  pasturage  vakw  to  the  total  needs 
of  the  animal  is  large.    In  spite  of  this»  not  aadx  is  kno«Ni  Sbout  the  diet 
actually  consumed  by  the  grazli^  tmlmal*    Of  the  6000  feeds  sixtdied  so  far» 
forages  singularly  present  the  rreatett  {Mtdt^lesi  of  Qeaningfbl  analysis  of 
their  mitritive  \x>xM\„    This  raay  be  explain^  to  a  great  extent  by  the 
uniqu^fKjss  of  pasture  hert>age  as  a  feedstuff  as  well  as  to  differences  in 
utilizatiM)  re«ilting  fzon  selective  grazing  and  Indiviekial  variability* 


It  l8  th«  object  of  thl«  raport  to  review  th#  different  raethodt  «Bployed 
in  WMSurlng  th»  nutritive  value  of  pastuxee  with  enphaslft  on  the  latest 
techniques  developed  to  assess  the  intake  and  digestibility  of  pastuxe  forage 
«id  evaluate  thera  vdfh  regard  to  their  relative  usefulness.  It  is  also  intended 
to  review  the  different  regression  e<!uation8  that  aid  in  the  evaluaticM  of 
itam^  or  eacpress  the  forage  value  in  terms  of  energy  supply  to  the  mijmlft* 
Incidentally  the  various  systems  of  grazing  nanagenent  and  sotae  of  the  wax* 
taputUtA  factors  that  affect  the  feeding  value  of  patturee  will  be  revietved* 
The  advantages  and  disadvantages  of  the  different  mlhodt  will  be  dismissed  and 
an  attoopt  will  be  wde  to  suggest  the  fl»tt  useful  aetlied  for  evaluation  of 
]pMture  forace  in  relation  to  its  nutritive  worlit* 

CRHEHIA  FOR  FORAGE  EVALUATIOi 

SdHJSter  (191),  in  a  review^  listed  thirteen  oethods  for  evaluating 
pftstmes*  Aiaong  thos«»  h«y  «ei^ts«  «Iippings»  live  weight  gains,  carrying 
capacity  and  chemical  imlytis  wore  most  popular*  Since  that  tlnet  teveicttl 
other  criteria  associated  1th  the  quality  and  quantity  of  pastures  were 
developed  that  included  cost  of  production,  agronooie  estimates,  level  of 
ai^Ml  psedoction,  forage  consunptlony  digestibility,  balance  trials  to  diow 
the  net  availability  of  sdneral  constituents  and  bioassay  atfthodt  (  2»  12,  144 
149,  155,  192)» 


CHSHICAI.  COKPOSmOH 

ChMdeal  analysU  is  one  of  tb«  «JUi«it  among  ttw  earlier  laethoda  ef 
Mtia»tlng  nutritive  value  of  feeds.    Over  100  y«aars  ago  wMkor*  indleated 
the  efficacy  of  {»t««)tage  outriflfitt  in  feed  as  en  Index  of  its  nutritivt 
mixmm   MBtt  (ISA)  ahoMd  ^»  UtpoHmK*  of  osgenie  nutrients  as  a  sicq^^le 
my  of  expressing  the  nutritive  value  of  garaMes* 

Cock  s^  3^,  (42)  indicated  that»  vjhile  dhecdcal  analysis  of  plants  «M 
apt  diffioilt,  ths  actual  cwapositic^i  of  the  grazing  ai^bBal*s  diet  was  s 
problera  since  it  involved  ^t»  collection  of  re{»resentativ«  ssai^esy  difficulty 
in  kno«dUig  what  proportion  of  plants  was  consueied  and  also  in  intnptreting  iOie 
ntitriSBl  fiontsnt  of  forages*    Hs  wpptmtimA  ths  pmblon  on  tlw  basis  of 
analysis  of  vegetation  befme  aaid  after  grazing.    The  difference  in  c(r>position 
md  «^lbfi#it  served  as  a  aaasiiif  of  the  nutrimt  content  of  ingested  fcnraga* 

/^gren  (1)»  in  an  exiiaustive  Mviewy  indicated  that  eheaieal  analysis^ 
Plough  an  Indirect  means,  was  widely  used  to  detnrsdne  12ie  nutritive  valua 
since  It  was  aasier  to  »pply»  ^ieaper«  reciaivad  l««a  equipMiit,  and  waa  less 
cuBbersocaa  than  digestleik  trials  involving  livestock*    Blaser  e^  JJL*  (22}» 
$^K>11  ^  ^  (189)»  Dustman  md  Van  ImaiH^im  <59)  and  Davis  and  BeU  (53) 
utilised  ikU  p»M^dur«  and  pointed  out  its  ia^rtance  in  pastinre  researdi* 
Bsnnet  (20)  coBntented  that  the  nature  of  crude  fiber,  extent  of  lignification 
and  the  form  in  viiich  the  crude  protein  existed^  wasni  BMittsots  «^  lopeitrnM 
Id  forage  evaluation* 

Since  animal  preference  and  grazing  to  randora  heights  are  liiaiting  factors 
in  acoirate  sampling  in  these  datezsdnations,  ihe  animal  itself  has  be«i 
aapleyad  aKwe  recently  as  the  collecting  ag<mt  with  the  help  of  tiie  esophageal 
fistula.     Torrel  (206)  described  such  a  fistula.    This  method  was  recommended 


with  certain  llidtatioRS  by  other  tiorkers  in  the  field  (  18,  60,  121,  129,  222  )• 

••Ir  £t  3k»   (222)  pointed  out  that  vhen  all  observations  for  ungrazed 
forage  on  all  types  of  pastures  and  at  all  seasons  vtof  fMWled,  the  protein 
c<mtent  and  silica-free  ash  content  were  very  significantly  creator  and  crude 
fiber  very  significantly  less  in  the  esophageal  swi^les  than  in  the  hand  dipped 
saoplet*  This  indicated  selective  grazing  by  aniraals  as  ^MMon  by  data  in 
Table  1. 

Table  I*  Isophaoeal  fistula  sample  cos^sition  minus  hand  clipped  saraple 
•eopositlon  of  |»r«viau6ly  grazed  and  imgrazod  areas  (222}  • 


Unerased      t 

t 

Previously  grazed 

percent 

percent 

Psotein 

4a  +  0.55 

3.0  ±    1.1 

Czude  fiber 

-3.5  +  0,29 

-0.9  +  0.44 

Lignln 

-0,41  +  0.30 

1.53  i  0.58 

Ethor  extract 

0.16  +  0.05 

0.21  +  0.10 

Silica-free  «di 

2.2  +  0.28 

2.8  +  0.53 

The  rolatlwiship  of  ch<a?iical  composition  to  nutritive  quality  of 

MM  demonstrated  by  Hawkins  (93) •  A  positive  relationship  was  fotmd 
between  the  quantity  consumed  mi  the  eru^te  fiber  and  cellulose  contmts  and 
between  tiw  digestibility  of  dry  niatter  and  the  i^pparmtt  digestibility  of 
crude  protein  and  crude  fiber.  Results  showed  that  llgnln  had  the  nost  adverse 
•ffect  on  digestibility  whereat  soluble  earbohydrates  other  than  taraiin 
affected  adversely  the  araoimt  of  hay  consun)od« 


;  ;    C  .^   .'    '   ICASURiMEOT  OF  DlCESriBlLITY  ; 

tltou^  (^Miideal  co^wsition  afforde  a  valuable  tool  in  pasture  evaluation^ 
the  fact  that  It  has  linltcd  application,  in  that  the  value  of  a  nutrient  Is 
d^Mmdent  on  the  ability  of  the  body  to  utilize  it,  cannot  be  overlo<^ed. 
Since  the  undigested  portion  is  useless  to  the  body,  it  is  reasonable  to  assume 
that  digestibility  chould  give  a  fair  Indication  of  the  nutritive  value. 
Althou^  this  does  not  give  the  exact  picture,  it  does  provide  a  nost  practical 
criterion  for  evaluating  the  diet  of  the  grazing  aninal.  According  to  Sdwelder 
(185)  the  earliest  digestion  trials  were  conducted  at  Weendt  Experinont  Station 
In  Goetting«t,  Germany,  Since  then,  digestibility  trials  running  to  several 
thousands  v;ere  carried  on  in  all  parts  of  the  world*  So«e  of  the  nethodft  used 
«r«  diecuftsed  in  later  paragraphs* 

"...  ..  ■  «  « 

Standard  ?5©thod 

The  digestion  coefficient  of  a  nutrient  Is  the  percentage  of  nutrient 
conswaed  that  Is  digested.  This  method,  also  referred  to  as  "Total  Collection 
Method"  or  tkjnventional  Mothod"  involves  con^lete  record  of  nutrients 
consuaed  and  total  collection  of  feces*  Various  devices  have  been  developed 
for  collecting  feces  and  urine  both  for  laboratory  animals  and  also  for  ^teep, 
cattle  and  hogs  (72,  91,  216)* 

Indioaticnr  Metbode 

The  time  end  expense  involved  in  detexmining  digestibility  by  the  standard 
method  provided  the  in^jetus  for  devoloprnont  of  indirect  means  of  estirsating 
digestibility  vdth  \hQ  help  of  indicators,  either  naturally  occurring 
indigestible  ones  (ratio  techniti^e)  o*"  those  that  are  relatively  Indigestible 


aad  axe  nearly  conplately  reeov«red  (fecal-lndex  teehnlc|u«)  fron  tha  feces. 
An  ideal  reference  substance,  according  to  Maynard  (147),  "shall  be  totally 
indicestible  and  unabsorbable,  have  no  pliarmacolocical  action  in  the  digestive 
tract,  pass  through  the  tract  at  a  unifoxia  rate,  be  readily  determined 
dMBlcally  and  preferably  a  natural  constituent  of  the  feed  under  test," 

Digestiblity  can  be  calculated  by  the  indicator  method  as  followei 
Digestibility  •  100  -  (  100  gjk  1ft  \lf%     ) 
a  s  cone,  of  indicator  in  forage 
b  -  cwc»  of  indicator  in  feeet 
X  a    cone,  of  nutrient* 

For  indicators  recovered  incompletely  in  foces  Guch  as  chromic  oxide  '«hid) 
«8S  recoMred  v;ith  98.6  percent  efficiency,  Lucas  (136)  has  eug^ested  the 
following  foreulai 
Digeatlbility  s  100  -  r  {  Lfl  )  ^ere 

X    -  aeeumed  percentage  of  recovery  of  indicator 

p  s  percent  nutrient  in  feces 

Ci  a  percent  of  indicator  content  in  feed 

p  s  percent  of  indicator  content  in  feces  and 

C2  r  percent  of  nutrient  in  feed* 

MMammiaMm  m  Indicatory  Corbin  and  Forbes  (43)  used  anthraquinone  as 
a  reference  substance  vMidh  was  atfaninl stored  in  a  gelatin  capsule  before  each 
feeding.  This  mthei  was  based  on  the  extraction  of  the  dye  with  benzine 
«d  Mnmirenent  of  r'ensity  with  a  spectrophotorjeter.  By  a  CMioentratlon  of 
density  obtained  with  a  calibrated  density  concentration  curve,  the  aaaount  of 
dye  extracted  could  be  neannred  thust 


0i9«ttibllity  s  100  •  100  (  2  X  L) 

X  and  y  ax«  percentages  of  nutrient  In  dry  matter  of  feces  and  feed,  respectively, 
end  A  and  B  are  pereentagee  of  Indicator  In  dry  matter  of  feed  and  feces, 
»e«pectlvely» 

Ir^n  Oxide  s&  aS  indicator*  Bergelm  (21)  was  awong  the  first  to  uso  Iron 
oxide  for  dotextalnlng  dlgeetlblllty  in  the  United  States.  Gallup  (T7)  and  other 
workers  (119,  152)  oonpered  their  results  vdth  the  standard  method  but  failed 
to  obtain  reliable  figures,  probably  duo  to  variations  in  the  amount  of  Iron 
•side  passing  from  the  digestive  tract. 

Silica  aa  aa  indicator*  Early  workers  used  silica,  contained  naturally  In 
hay  and  straw  as  an  indicator*  Digestion  coefficients  computed  with  silica 
ratio  closely  approxlnated  the  conventional  trials  «Aiere  the  error  <«•  within 
ten  percent,  according  to  Gallup  (77) •  But  he  and  his  associates  (79,  80) 
could  not  find  this  approximation  later  and  observed  that  applicability  of  this 
aetliod  WIS  limited.  Knott  §t  a^,   (119)  and  later  Druce  and  Wilcox  (57)  pointed 
out  that  silica  was  not  reliable  due  to  variability  In  lU  recovery  from  ih» 
feces. 

Llqnin  2S.  indicator.  Maynard  (144)  discussing  nitrogen  free  extract  In 
•nioal  nutrition,  indicated  that  the  indigestlbllity  of  llgnin  was  a  recognized 
fact.  Furthermore,  its  presence  tended  to  lower  the  digestibility  of  other 
constituents  apparently  by  protecting  then  against  the  actiw  of  digestive  :Juices. 
The  use  of  this  substance  as  an  indicator,  fwwever,  has  yielded  diverse  results. 
Patton  «id  Geisiker  (161)  considered  it  indigestible.  Bondl  and  Meyer  (24) 
did  not  agree  uith  this  view  and  steted  that  llgnin  was  digested  to  a  certain 
extent  In  all  mqporlments* 


Ellis  si  jgjLt  f61^  devised  a  proceAire  for  th#  routine  determination  of 
lic?nin  by  digesting  w/lth  72  percent  sulfuric  acid  and  drying  the  residue  at 
105®C,  They  concluded  that  the  use  of  lignin  as  an  Indicator  gave  values 
conparable  to  the  standard  method.  Cook  and  associate*  (41,  39)  studied  this 
Method  extensively  and  recoewanded  its  use. 

Forbes  and  Garrigus  (67,  69)  were  the  first  to  follow  the  procedure  of 
Ellis  successfully.  They  also  «n>rked  out  the  reoressioii  of  organic  matt^ 
digestibility  on  lignin  content  and  found  that  the  equations  were  statistically 
similar  whether  calculated  froo  conventional  or  lignin  ratio  nethodst 

Y  «  95  -  4,10  X   for  conventional  calculation  and 

T  -  100  -  4.53  X   for  lignin  ratic  te<duiic!ue,  ii*ere 

Y  m  Organic  matter  digestibility  and  x  •  lignin  cont«nt, 

&illivan  (203,  204),  on  the  other  hand,  indicated  that  lignin  had 
considerable  digestibility,  exceeding  ten  percent  in  many  cases.  He  suggested 
•  BBdified  and  quick  procedure  to  detcrrain©  the  jjerccntage  of  acid  insoluble 
lignin  and  related  it  to  digestibility.  The  digestion  coefficient  of  certain 
species  of  grass  was  apparently  eciMl  to  100  minus  six  tioes  the  percentage  of 
acid  insoluble  lignin* 

In  an  earlier  study  Kent  ft  aJLt  (HI)  observed  that  lignin  in  orchard  grass 
was  not  as  reliable  an  indicator  as  lignin  in  alfalfa,  ^ith  et  alj^  (196), 
working  on  digestibility  of  foraoe  from  burned  and  unburned  bluestera  pastures, 
istad  lignin  and  chromogen  methods  vdth  equal  success. 

l^athoK^  GroMP  §,§  nj  Indicator.  Since  measurement  of  lignin  involved 
difficulties,  it  was  «»ucht  that  the  meUioxyl  content  of  forages,  a  distinct 
dtenical  entity  and  feces,  might  serve  as  an  indicator  of  digestibility. 
Richards  and  Reid  (179,180)  suggested  that  this  was  definitely  superior  to 
lignin.  But  Kane  et  a]^  (111)  and  later  Ely  ot  3^.(62)  did  not  favor  this 


MTthod  $ine«  tlw  nethoxyl  content  of  hay  ««•  gr«at«r  t^;an  that  In  feeM 
and  this  subttane*  «m«  digested  to  tiie  extent  of  five  percent* 

In  a  recent  study,  Anthony  and  Reid  (8)  foirnd  a  hichly  significant 
correlation  belaneen  nethoxyl  content  and  digestibility  of  dry  matter  and  hence 


this  steasure  for  adoption  «•  a  relative  index  aoong  foragM 
differing  tddely  In  digeetibllity.  HovNTver*  the  literature  on  this  metiiod  la 
tM  —Qte  to  warrant  any  definite  conclusion  on  its  value  at  this  titae* 

Chroede  Oxide  ai^  an  Indicator*  According  to  Schneider  ©i  ^.  (188),  Edin 
first  used  diroiaic  oxide  as  indicator  in  1918*  Crampton  and  Lloyd  (45)  used 
this  »jbstanoe  as  an  indicator  very  successfully  and  a  mndber  of  workers 
eennnMd  this  during  the  last  decade  (  9,  14,  37,  44,  51,  95,  127,  141,  143, 
167,  169,  172,  190,  213  ). 

This  BMlttwd  9i  eetioMittng  dhroisle  eidte  wee  based  on  titrati<m  vdth 
sodium  thiMulfate  using  one  percent  starch  solution  as  the  indicator*  Later 
ttiit  INM  aodlfied  using  procedures  trfiere  Uie  color  density  m«s  aeasured  by 
••ckman  0  U  apectrofiiotanieter  at  375  ta^  (50)  and  again  by  wet  ashing  the  sas^le 
(23)* 

This  aethod,  used  vvith  pigs  by  Schurch  §1  £l.*  (1^)  yielded  similar 
results  to  those  obtained  with  convwitional  trials*  The  analysis  of  feed  and 
feces  for  chromic  oxide  and  for  the  proximate  principles  permitted  calculation 
of  respective  digestion  coefficients  front  the  follovdm?  foztnulai 
PezoeiiiUgo  digestibility  of  nutrient  »  100  (  -^  )  Mhero 
a  s  nutrient  per  unit  index  material  in  the  f#td  OMl 
b  X    nutrient  per  tmit  index  material  in  feces* 


10 


XkigMtad  dixtale  oxldo  is  coqolvUly  recovered  from  the  feces  voided 
by  several  sp«eie««  If  the  pattern  of  excretion  followtd  •  predictable 
uniformity,  then  total  collecti(»a  of  fecesy  vhidi  involved  tine  and  mepmnf^ 
could  be  conveniently  substituted  fay  *'gxab''  sanfAee*  Davislag  e  specific 
sae^ling  procedure  is  of  extrene  inportance  to  cix«uoivent  certain  factors 
affecting  the  duoaic  oxide  excretion  pattern.  Studies  in  this  directicm 
indicated  that  ^ere  was  lntra>day  variability  in  chromic  oxide  excretion 
(113,  127,  150).  On  the  other  hand,  Putnam  g^  a}^,   (169),  v^  studied  ths 
effects  of  feeding  ediedttle  on  ^he  excretion  pattern  of  chrondc  oxide,  con- 
cluded that  time  of  adainietration  was  of  primary  imposrtance  in  respect  to  th» 
time-eoncentration  relationship  of  fecal  ehzcraie  oxide  and  that  so-called 
diurnal  effects  were  of  little  In^rtance.  The  digestible  dry  matter  as 
detezadned  by  total  collection  and  indicator  methods  is  sho«n  in  Table  2* 

Table  2*  Digestible  dry  matter  as  determined  by  total  collectiMi 
and  indicator  methods  (169). 


"T " 

»  Indicator 

r 


CSew  No*                   Total  collection  i            7«d«y  14-day 
! WHWt^ftB celleetiflii 

%                                     %  % 

,Wf9  .  .                              66.1                                  tfftaS  69.8 

HI                                     69.3                                   66.2  68.1 

III                                      70a                                    67.5  68^ 

SW           *       '                   69.3                                   64,2  62.5 

Average           66.3                                65.9  69«8 
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QuKnlc  oxide  in  a  gelatin  capsule  cave  lower  values  than  the  pelleted 
form  (14),  To  fulfill  it«  function  ae  a  moAeXf  chromic  oxide  should  be 
cleaved  frora  th»  xunen  at  a  rate  as  nearly  a«  possible  equivalent  to  that  of 
dry  matter  of  the  feed  or  any  of  its  amstltuents  •  However  it  vras  seen  that 
chroeaic  oxidey  vlien  administered  in  capsules,  passed  froM  the  stomach  within 
four  hours  due  to  quick  solution  of  oelatin  in  the  rumm*  A  mixture  of  chronic 
oxide  and  paper  pulp  fed  in  a  gelatin  capsule  reduced  the  variati<m  in  con- 
centrations  of  chronic  oxide  effecting  a  slov;  and  unifoxm  release  in  feces* 
This  ms  an  instance  in  whid)  node  of  adadnistration  affected  the  excretion 
pattern  (44) « 

Dosing  frec|d«Miy  «!■•  mwUMt  factor  v^ieh  played  a  part  and  increasing  the 
nonfoer  of  dMOt  facilitated  more  uniformity  in  excretion  (  26»  95,  167  )•  Otiier 
factors  involved  ««•  size  of  dose,  type  of  ration  and  position  of  mimal  - 
standing  or  lying* 

Aa  a  result  of  experiments  with  grazing  steers,  Hardison  and  Rcid  (97) 
|»opoaed  ^at  bulking  of  e<9isl  weinhts  of  feces  obtained  at  6  A*M,  and  4  P«M* 
during  periods  of  seven  or  more  days  would  provide  an  accurate  estimate  of  the 
total  focal  output*  This  procedure  was  successfully  adopted  in  later  studiM 
(127,  195)* 

Itaynond  and  Minson  (172)  concluded  from  their  studies  that  excretion  of 
chromle  oxide  did  not  follow  «iy  diurnal  pattern  and  as  such  a  system  of  "grab" 
tampling  oould  lead  to  erroneous  results*  They  used  a  procedure  for  collecting 
aaaqplea  iddidt  was  referred  to  as  "^ring  ssn^ling"  involving  collection  from  a 
definite  area  in  the  sward*  l!o««ver,  the  results  secured  by  other  workers  did 
not  ai^>port  the  procedure  adopted  by  these  investigators  (  9,  44,  51,  95  )• 
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HMSURBMEMr  Of  DIGESTIBILITY  UNDEA  CRAZIflG  CQHDniGMS 

Tim  attheds  dlMOSSOd  tlnjs  far  with  the  exception  of  lignin,  could  only 
Imi  MpplitA  for  digestion  experiraonts  c(MrK)uct«d  indoors.  The  problem  of 
evaluating  forages  tmder  crazing  cwiditione  presents  difficulties  that  ax9  not 
■et  with  in  the  indoor  trials*  The  anifnal»  as  a  collecting  agent,  has  a 
selectivity  in  picking  tip  grasst  thus  the  sanple  obtained  for  analysis  seldea 
tipgeaents  the  one  actually  grazed.  Furthemorea  the  tjrazing  pattern  and 
individual  idiosyncrasies  differ  »Bong  animals. 

Reid  ej^  ^.(176)  have  observed  that  it  was  iapossible  vxxept  by  chance 
to  sample  foraoe  in  such  a  way  that  hand  chosen  sxnplos  fully  represented  tiiat 
eaton*  M«iy  otiMr  wnkmn^  working  under  grazing  conditions,  testified  to  this 
fact*  Thus,  all  attcntim  was  directed  in  the  last  decade  to  overeoroe  this 
problem  as  a  result  of  vixl^  verlous  indirect  nethods  have  been  auggestsd 
(  96,  130,  170,  176,  224). 

Plant  ChroflogMi  ss  tn  Indicator 

In  1950  Reid  sSt  iL»  ^  ^'^)  Investicated  naturally  occurring  pirraents  as 
indicators  of  detcrrdning  digestibility  of  forages*  This  was  mdified 
sidtisequently  for  use  under  grazing  conditions  (176)  •  These  orkers  postulated 
that  an  essentially  quantitative  relationship  existed  be^Meen  the  ehrtxaogen 
content  of  conrnxaed  roughogo  and  that  of  the  feces  voided*  The  greatest 
problem  of  forago  saB|>ling  could  be  circumvented  If  fecal  oompesitic«i  served 
as  a  forago  saopling  expedient*  Furthermore,  this  would  do  away  with  analysis 
of  grass  for  chroraogsn  which  was  present  in  variable  conccntrati<Mt. 
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D«i<!  an!  eowmdectt  (98»  176,  177,  173,  224}  flrftt  MtablistMd  ehzoaogwi 
concentration  values  for  a  concwjtratod  extract  from  a  ralxed  forage,  dry 
rouqhag*  and  feces  from  the  atnotmt  of  absorbed  lioht  at  406  Bfi  and  the  following 
•quatlM)  was  arrived  ati 

Y  r  57.9197  -  29.0672  x  »*»«• 

Y  •  concentration  of  dumaogen  In  units  per  nilllliter  of  extract 
X  «  log  of  the  percentage  of  transnitted  li^ht. 

As  a  result  of  study  of  18  pasture  forage  mixtures  ranging  from  51.6  to 
74.0  percent  dry  matter  digestibility  these  scientists  woriced  a  definite 
mathematical  relatlcM^ship  bettieen  the  ratio  of  chronogen  to  dry  matter  of  feces 
and  that  of  forage  aetually  consuerad  »hlch  may  be  expressed  as  followei 

Y  5  (  0.0925  X  +  137.3  log  x  )  -  242.1181  t    1.2194  vi^ere 

Y  ar  units  of  chronogen  per  gram  forage  (dry  basis) 
X  m    units  of  chroaogen  per  gran  feces  (dry  basis). 

The  coefficient  of  correlation  betvx»en  conventional  trials  and  those  eooputed 

from  fecal  chroraof-en  was  0.985.  The  followdng  values  were  plugged  In  to 

Mapute  the  digestibilityt 

units  chrooogqq/gm  forage  on  dry  basis  ^ 
Percent  digestibility  a  100-100  ufilis  'cHromoceivgn  feces  on  dry  basis   * 

The  validity  of  this  netted  has  been  tested  by  Lassiter  e^  aj^.(129)  and 

nany  other  woxkers  in  the  field  (13,  67,  112,  145,  191,  196,  202).  The 

results  obtained  by  Reid  gt  a^.  in  comparis<m  to  standard  trials  are  shoen 

in  Table  3. 


-i     .'    > 


._•  ■-'      -J  4,^,      "  .- 

'\   ■^'  '  -f   ^\  Vi 


n  n  n 

o     o     o 
+1    +1    +1     1 

K       '^.       -t       'J 

P  s  s 

1 

14 

i 

1 

ir 

1 

1 

m 

R    15    15 

O       O       t^ 

1 

f 

•«       -H      •«        j 

1 

1 

o 

<>      ej     O, 

■'^^   pi   ;8  .8 

JH                        ■ 

•       M       . 

•• 

s 

♦» 

2 

5    S    ?J    ?? 

.     •     •     • 

o     o     o     o 

• 
o 

• 

o 

•H      •«      "M       +1 

•H 

4i 

1 

< 

*5      »;      «      f; 

•^^    hJ    2    55    S 

8 

• 

t 

B      * 

Is 

If 

1 

■ 

^  J?  JJ  g 

O       O       "^       o 
•H      "H      -H      '(-t 

• 

o 

41 

• 

o 

41 

(0 

o 
a 

<0 

1 

<0        04        00        lO 

^    ?2    2    S    8 

:s  {^  s  s 

•         •         •         • 

o     o     o     o 

<H       -H       -H       -4-1 

• 

s 

1 

1 

• 

8 

H 

o 

41 

■H    U 

j-.^ 

^ 

• 

4 

fo      o      o      «n 

«    fi    S    E    8 
^    ^    ?    <$ 

.-1      o      o      o 
-H       +1       +1      +1 

to 

• 

s 

1 

o 

44 

II 

••• 

•^      en      tf)      rt 

**   s  S   8   i 

CO 

• 

cl 

1 

SI 

fj 

'St 

8.   ^   f3   ? 

o     o     o     o 

• 

«» 

41       -H       -l-l      -H 

>^       ^.       -Q       *^.        ^. 

J2    S    S    5^ 

1 

1 

_ 

ss 

ll 

<  o 

ft 

R    8    8    8 

•     •     •     1' 

o     o     o     o 

o 

« 

•H       <H      41       -t-i 

i^    "5    *^    n     ". 

?!   :8   S    J? 

1 

1 

p> 

»••••«»•■«■ 

• 
1 

1  2 

•^     w     w     5r 

^ 

tf) 

- 

H 

H 

• 

1 

IS 


TImi  wchA  «••  f^HrttMur  «Kt«n(l«l  to  8«ct«ytain  tte  ^<8MtlMlity  of  f(Kr«8» 
liKR  ■  tttpplMnntiy  f««d  wet  f •#  tn^  alto  to  d«t«fl«tM  tho  ceaiwtltlon  of 
IngMtocI  in«9«  ttm  pwtnam  wnjottd  lavg^ly  of  ont  i>Uiii  wpmim  and  to 
tlio  mmmmmtm  of  dl900tfi4Ilty  of  indivlAta  pUat  bmhiibwwH  oimIi  ••  Umm 
«r  o1Mw«    Pur^HotaorOf  in  oxder  to  ovoroono  tiM  difficulty  of  total  foeoa 
eollectloat  9^^  aanplM  wmf  tafcui  «Hl  HH)  mtitltt  a^foad  «axy  viall  mMk 
thoao  obtainad  ttm  tbo  fouxMiay  aoBpoaita  awplaa  and  tteoo  dotonaifiad 
vantionally  a»  la  ahewi  in  Table  4. 

^      Nitrogen  or  Protein  as  an  Indicator 


Reaulta  of  a^periments  in  uihich  knovun  herbage  ma  fed  to  sheep  in  cagea 
by  Raynond  ia  New  Zealand  (170)  showed  the  following  relationship  between 
nitroron  content  of  forage  dry  aatter  and  oven  dried  feceet 
Peceentaga  N  in  feed  •  0*795  x  Perccmt  nitrocen  in  ash  free  feces 
+  0.14  (t  •  .17). 

Laneaatar  (  124,  125  )  conducted  52  digestif)  trials  covering  a  variety 
of  forages  ranging  in  protein  cont^fit  from  10-36  percent  and  established 
a  relationship  between  the  weights  of  forage  organio  matter  and  total  nitrog«r» 
excreted.  Based  on  this  obeetvation  organic  matter  digestibility  was 
calculated.  He  postulated  that  fecal  nitrogen  excreted  per  imit  of  organic 
mttar  wm  ranaxkably  constant^  the  average  being  0.8  4  0.1  geu  per  100  gn* 
As  a  reculty  ihe  following  eciuation  waa  ptopoaadi 
M^aatibility  coefficient  -  100  N  -  .8?  «^^ 
II  •  %  of  nitrogen  in  ash-free  feces. 

The  figures  cotaparad  well  with  the  results  of  sliallar  triala  ctmducted  by 
the  conventional  aatitod.  VJhen  this  investigation  was  extended  to  include  raany 
kinds  of  pastures  in  ihc  ijorld  the  constant  was  found  to  be  0.76  +  0.11 
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for  foragM  with  protein  pdremtagM  ranging  froo  five  to  36  percent*  H» 
divided  the  pas^ro  herbace  into  2  croups  a^ording  to  the  percentage  of 
protein  ttnist 

Group  A  (103  trials)  C  •  0.80  ;f  0,08  (Protein  more  than  15  percent) 
Group  B  (  50  trials)  C  -  0,67  +  0,12  (Protein  less  than  15  percent)  uhere 
C  •  Constant  indicating  the  relationship  between  th*  weights  of  forags 
organic  aatter  and  fecal  nitrogen* 

In  further  studieSf  Lancaster  modified  his  me^od  by  relating  the  ratio 
(y)  of  feed  consumed  to  feces  voided  and  to  the  fecal  nitroren  content  (X), 
the  equation  being  Y  •  0,97  X  ±    1,02  where  Y  Is  the  reciprocal  of  the 
iikligestlbility  ratio  and  therefore  it  may  be  used  to  detexsdiM  both 
digestibility  and  intake. 

At  about  the  s^sne  time  Gallt^  wnSi  ftriggs  (78)  snd  arwtt  reeently  Freer  (71) 
in  Australia  related  fecal  nitrogen,  forage  nitzogeffi  and  digestibility  In 
the  following  •qoarUoMi 
Gallup  and  Briggs  « 

Y  m    51.7  +  16.2  X  vhere  Y  -  ^  digestibility  of  organic  matter 

X  55  Protein  content  of  forage 

T.D.N.  a  28^0  ■♦■  4»9  X  «hert  X    m    %  protein  in  forane. 
Freer  - 

%  digestibility  of  otganie  aatter  m  SS^lS  +  4.8136  n  (s.E»  ±  1,76)  where 

N  c  Hittogen  content  of  ash-free  feces. 

In  1950  Forbes  (66)  explored  the  possibility  of  utilizing  the  relationship 
betMsen  tiie  protein  content  of  forage  and  the  apparent  digestibility  of  the 
protein  developed  by  Mitchell  (150)  in  the  followii^  equationi 

Y  «  42.64  (P  -  5)°'^^'®  «here 

Y  is  the  a|>parent  digestibility  of  protein  and  P  is  the  percentage  pxotein* 
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He  calculated  constants  for  Mitd)ell*6  ACfuation  and  mggested  the  folloidng 

fo»3ula  for  caloilation  of  dlgettibllity. 

Percent  dlcjestibillty  .  100  -  g  ^^^  |»  f^^  (100  -  ax*»  )  ^hore 

a  and  b  are  constants  and  x  is  5  less  than  protein  ccmtent  of  forage 
dry  matter* 

T^)le  5  coRtalf»  the  regression  of  dry  matter  digestibility  (  y  )  on 
protein  content  (  x  )  of  the  dry  matter  consuraed  by  grazing  laat*   (66)  • 

Table  5,  Hegteeslon  of  dry  matter  dices tibility  on  protein  content 
of  the  dry  matter  constaned  (66)  • 


1 » r 

Method  «   y  r  a  -^  b  X    t  Standard  error  t  Standard  error 

s  »  of  equati<»i        »     of    b 

Ugnin  ratio  y  a  53.3  +  0,547  x  8,0  0088 

Protein  digestibility   y  r  55.9  +  0.707  x       5.2        0.096 


S«e«!ttly  the  value  of  the  artificial  rumn  te^miqtte  for  evaluating 
pasture  quality  has  been  Investigated  (  56*  120,  17B»  212).  Correlation  were 
obtained  betr,reen  J^ft  vitpo  and  jya  vivo  digostibillty  of  dry  matter,  cellulose, 
crude  fiber,  energy  and  protein.  A  similar  relaticmship  existed  with  grass 
cut  at  several  stages  of  naturity.  Digestibility  j^  vivo  was  accurately 
fMMd&eted  from  dry  matter  digestibility  j^  vitro  of  oven-dried  saoplee*  The 
relationships  may  be  ei^fnressed  by  the  follov/ing  equations  (178). 

y  s  20.5  -I-  0.778  X{  r  s  0.98  «h«r» 

y  m    dry  natter  digestibility  Jii  vi^VD  ani 

X    g    dry  matter  digestibility  ^  v^tro. 
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Donofcr  i^  a^*(56)  have  exproMtd  th«  nutritive  value  indexes  frora 
in  vitro  cellulose  digestion  trials  by  the  folloidiig  •ciuationi 

y  s  -7*8  ■*■    1»314  X  nher« 

y  s  index  of  nutritive  value  and 

X    r    cellulose  digestibility. 
Table  6  shovts  tiie  in  vitro  and  j^  vivo  neasujrecients  used  in  calculation  of  the 
in  Vj^tyft  iirfex  and  effective  nutritive  value  index  (56) . 

rnntm  qf  sasursc  pasti^^  yields  akd  coksuhptior 

In  any  pasture  evaluation  study^  yield  and  consumption  of  forage  are 
•MHMotial  not  only  to  at^NW  tb*  productivity  but  also  to  determine  the 
digestibility*    Intake  is  a  useful  ineasure  since  it  reflects  the  grass  nutrients 
consuiaed  as  well  as  the  effects  on  the  animal  and  on  the  pasture*    The  effect 
of  plant  ma^rity  on  dry  matter  consinption  can  also  be  studied  through 
•eatoranint  of  feed  intake*    It  Is  of  considerable  in^rtanee  also  to  know  hew 
closely  the  aioount  of  feed  eaten  by  different  animals  is  related  to  weigitt 
gain  and  productive  performance*    As  idth  digestibility^  various  aethedt  of 
■Mittreaent  of  intjdce  have  been  in  vogue*  Boeh  of  v^ich  has  certain  advantages 
and  dltiKlvantacHMi*  ^i 

Cllp^pftng  MetlMMl 

This  is  one  of  the  earliest  oMrtlwde  devised  to  aeasure  pasture  yields  and 
aninal  consuraption  (  25,  2a*  30,  54«  75*  76,  92*  117*  138*  154,  181*  205*  208  )* 
The  total  forage  available  to  animals  is  eetistated  by  cutting  a  certain  strip 
and  allovfing  the  animals  to  graze  in  a  similar  eaqperiroental  plot,  clipping  the 
MBaining  forage  after  grazing  attd  crediting  the  difference  as  consun^tion 
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by  anisalt* 

A  aexllfi«d  agyonettlc  OMvttiod  for  iBMSuring  hozi>a9«  production  was  roportod 
by  Frishknccht  and  Plumaer  (74)  •    This  was  based  on  the  aesun^lon  that  ths 
wtl^ht  of  herbage  produced  in  poimds  per  acre  was  equivalent  to  the  graut  of 
herbage  produced  on  a  9*6  square-foot  plot.    Based  on  degree  of  utilization 
and  ataount  of  unueed  forane,  total  !:m>duction  could  be  a&certainod  fa 
Table  7. 

Table  7.    Total  horbace  produced  based  on  degree  of  utilizati(m 
and  ataount  of  unused  fora^je  on  a  9*6  sq«  ft*  plot  at 
various  levels  of  grazing  (74), 


UtiUxation    t 

WntMige  pxY)duced  calculated  fron  different 
anounts  of  unuoed  horbace. 

10  ons* 

t 
t 

25  fios» 

s 
t 

50  CBS. 

1 
1 

75  cps* 

f 

(lb,) 

(lb.) 

(lb.) 

(IbJ 

,     't     ^-    ■•,• 

190 

250 

500 

750 

^     »'    ■ 

m 

278 

555 

839 

.•v.,-g|-.           ■ 

i» 

333 

667 

1000 

•..  ^.    ■ 

aoo 

500 

1000 

1500 

■    'fi^ 

40O 

1000 

2000 

3000 

Linehan  (131)  vforicinr;  on  pasture  output  moasureaent»  devised  a  fozsRila 

which  sought  to  meke  allowances  for  differences  in  orowtii  of  herbage  during 

the  actual  grazing  period  and  en^loyed  tanrestricted  growth  in  a  protected 

area  and  that  subjected  to  defoliati(»)  by  wiiiaals  during  tiM  sans  time. 

The  fozriula  nay  be  eaqpressed  thusi 

(log    d  -  log     f) 
Amount  of  fjrass  nutrients  consuinod  s    C  -  f    (lo<j    c  -  lor    f'jl      where 
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C  •  quantity  of  gruBt  nutrient  prese^tt  at  tho  bec^iming  of  grazing 

<l  m    qumtity  of  grass  nutrient  present  in  eagss  after  grazing 

f  s  quantity  of  grass  nutrient  left  imeatan  outfiold  after  grazing. 

Erlsian  Msthod 

Erizian  (63)9  a  Oorrnen  invi^stigator*  vvorked  on  a  nothod  to  estimate 
forage  consucaption  by  grazing  coi^*  It  consisted  essentially  of  weighing 
aniisals  at  the  beginning  annd  end  of  grazing  periods^  collecting  and 
neighing  the  total  solid  excreta  and  estimating  insensible  loss  in  body 
MdsM^  «rith  the  help  of  previously  detexodned  constants*  The  final  «ei^ 
of  anitnal  plus  ^m  weight  of  excreta  and  insensible  loss  minus  the  initial 
weight  of  animal  ccmstituted  the  forage  consumed*  VAiile  this  nothod 
theoretically  might  be  logical,  tine^  expense  9ai  errors  involved  preclud« 
the  possibility  of  practical  adoption* 

Animal  Requireaent  Method 

This  raettiod  takes  advmtage  of  aniraal  perfomance  as  a  criterion  for 
evaluating  forages  (1J>3,  155).  Calculation  of  nutrients  received  from  the 
pastures  lacked  standardization  and  Knott  j|^  ^^.(118)  proposed  a  awthod  for 
this  purpose.  It  took  into  account  the  maintenance  rec^irenonts  of  uiimals 
•lllier  txm  Honrisen*s  standards  or  by  calculation  using  the  0.73  power  of 
body  weight  and  allowances  for  producti<m  froia  the  sasie  standards.  They 
eug«e»ted  an  ellowanee  of  0*341  pomds  total  digestible  nutrir-nts  per  pound 
of  4  percent  fat  corrected  milk  and  an  addition  of  3*53  pounds  total 
digestible  nutrients  per  pound  gain  and  subtraction  of  2.73  pounds  total 
digestible  nutrients  for  each  pound  loss  of  weic;ht*  In  addition,  accurate 
records  of  length  of  grazing  period^  else  of  pasture  and  nuEsber  of  animals 
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Mlntainod  vihlch  gave  the  actual  nutrients  contributed  by  the  pasture* 
Any  «q>p&«Mntaxy  fMd  f«d  me  subtracted  from  the  total  figures  to  arrive  at 
pasture  intake* 

This  method  «at  further  modified  by  Kidder  (116) .  He  calculated  average 

deUy  aaintenance  frora  the  foiiaula  n  *         and  used  data  from  32  steer 

19^ 
feeding  trials  of  10  steers  each  to  calculate  3.15  powids  tdth  extremes  of 

2.47  to  4.45  pounds  of  total  digestible  nutrients  per  poimd  of  gain  instead 

of  3*53  poundbi  as  n^xHrted  by  IQnott  (118)  tnhose  foxnula  is  as  followt 

T  J)JI.  from  pasture  s  (P  x  9^  4-  »f  x  Rm)   ^  g  x  Rg  -f  (PC?^  x  Rfoj). 


In  caM  attmf  m»  loss  in  weight  during  grazing  period  -(L  x  Rd)  was 
ssdbatituted  for  -fG  x  Rg  idwa*  D  is  the  ntsaber  of  days  grazed,  W]^  is  initial 
iieight,  W|  is  final  weight.  Rg,  Is  aaintenanee  requis«>Bantt  ^  is  «»ight  gain» 
Rg  is  requirement  per  pound  gain,  t  is  loss  in  weic^t,  Rd  is  the  sum  of 
nutrients  assumed  to  be  available  to  cow  in  milk,  K»  m  fat  corrected  nilk 
md  Rfon  is  nutrient  rec^jirement  for  production* 

Hodgson  ^  ^'(lOa)  co^xared  the  heiHbage  obtained  from  clippings  and  this 
■etiied  with  Knott's  fonsula  and  found  that  the  fonaer  gave  yields  125  ±  10*S 
pete^it  of  the  latter  method.  They  concluded  l^at  th9  «ii:aal  re<9JiremMYt 
ted>nl(|ue  gave  a  truer  picture  of  net  results  of  grazing  as  is  shonn  in  Table 
8.   .  :  • 


f-  •   t  ,     ,, 
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Table  8,  Coiiq>arisw»  of  T.D.M,  yield  of  pasture  as  deteinined 
from  cllp-^lngs  and  from  the  raitrlent  reqnirerM^t  of 
gnzing  animals  (102), 


Grazing  Period 


-l ''      "i  == 

t  t 

t  Nutrient  yield  «  tJutrient  yield 
t  from  cliRiing    s  from  animal 
»  «  requiretaents 


J 

t  Yiold  fica 

Dif-        »  clippings  A 

foronce  »  yield  froo' 

>  grazing 


(lb.) 


(lb.) 


(lb.) 


Ntlntt  Meson  1939 

m 

Tota 

Pasture  season  1940 

I 

Total 


3344.8 

2256.5 

3266.8 

2042.2 

1255.0 

1327.1 

U48.4 

1141.5 

8965.0 

6766.3 

2978«5 

1570.7 

3150.4 

1204.8 

1D07.5 

1115.0 

1198.0 

1332.0 

544.6 

832.4 

9348.7 

6054.9 

1069.3 

148.3 

1224.6 

160.0 

-lOP.l 

92.3 

6.9 

100.6 

??IB.7 

132.8 

1407.8 

189.6 

1915.6 

259.0 

392.5 

135.2 

-134.0 

89.9 

287.8 

65.4 

3390^8 

154.4 

The  fl»«n  dlfferenM  «ss  highly  significant. 

Frick  and  Eaton  (73)  developed  another  nethod  for  larce  scale  use  to 
•stloate  pastUM  intake  by  dairy  animals  in  Dairy  fferd  Improvenent  Associations  . 
Bwxiy's  (27)  dairy  merit  ratio  formula  was  applied  to  milk  production  reeordt 
for  coMS  freshening  in  various  months  and  estimates  ««re  aade  of  total  nutrients 
rec^lred  by  months  of  lactation.  The  follovving  formula  was  used  in  this 
connections 


Pounds  of  T.D.N.S 


340(  TX^,) 


"XyWtdairy  merit  raf«f)  "  ^^^^  °^  T.D.N.  from  bam  yard. 
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The  authors  th«Mttlv«i  pointed  out  the  limitations  of  this  oethod.  The  dairy 
njerlt  ratio  night  vary  dependif^  cm  Individuality,  body  sizo,  onviroiment  and 
•g«  of  wlMlt 

AnfanX  Unit  and  standard  Cow  Days  to  Express  Yields 

Ths  animal  tmit  was  used  as  a  nMsure  of  carrying  capacity  of  pastures  by 
Vinall  and  S«aplo  (207)  but  th©  expression  was  criticized  by  various  vwrkers 
since  it  did  not  take  into  consideration  variations  In  appetitef  feeding 
«a|Mftity9  reQulroment  for  inaintonance  or  ««ight  chance* 

The  Joint  Cooalttee  on  Pasture  Research  techniques  (6)  and  Lynd  (139) 
aoggosted  the  torn  "Standard  Cow  Oaya**,  for  expressing  pasture  yield  thus  - 

(1)  Standard  Cow  days  per  acre   a  T.D.r.  (Ib./A) 

16  lb. 

(2)  Carrying  Capacity  «  Standard  Cow  d«v« 

No*  of  days  qrased 

The  yield  pet  acre  was  conqputed  by  imiltlplyinc  the  aninal  days/acre  by  the 
average  daily  performance  of  the  test  «iiaals*  Lucas  (137)  reported  three 
statistical  methods  for  estimatinci  results  of  crazing  trials  of  vMdi  the  aore 
striking  one  was  the  effective  total  digestible  nutrients  (ETOM).  This  was 
estimated  from  welrhts  and  gains  of  all  anirals.  The  effective  total 
digestible  nutrients  of  test  animals  vras  designated  et<i^  .  The  test  animal 
days  ms  then  ETDN/ettbt.  Dally  gain  was  calculated  from  test  animals  only 
and  finally  gain  per  acre  obtained  as  test  aninal  days  x  daily  gains, 

Rallaee  (216)  and  Hancock  (89)9  In  analyzing  the  results  of  an  experlnsnt 
on  Intake  in  New  Zealand*  followed  the  method  used  by  Brody  and  Proctor  (27) 
In  deriving  their  feeding  standard  for  stall-fed  animals*  The  formula  for 
the  ntthod  wMi 
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Digestible  organic  natter  -  bj  (FCM)  +  b2  (W  *^)  +  bg  (w^,) 

The  values  for  bj,  bj  and  b3  vwre  determined  by  nwltlple  regression 

analysis  and  were  0.35,  0.06  and  3,  z«spectlvely« 

FX«M.  •  4  percent  fat  correettd  atlk 

V      B  live  weight 

■•C#   a  Amount  used  for  weight  gain  varying  linearly  v»l«»  gain  or  lost 

Forage  Contun^tloni  Excr< tlon  Ratio 

Garrigus  and  Rusk  (81)  developed  a  method  based  on  the  aattaption  that 
the  ratio  of  dry  natter  coMiawd  to  the  fecal  outgo  by  the  crazing  animl 
would  be  practically  constant.  The  relationship  between  forare  eonsvued  and 
f««*0  voided  by  the  aniflwl  «m  detemined  In  digestion  trials.  The  fortg* 
consumption  was  then  calculated  by  dividing  the  amount  of  dry  matter 
defecated  by  the  predeteminod  ratio  between  dry  aatter  defecated  and  dry 
Batter  consumed.  The  following  foznula  was  used  for  the  purposes 

weight  of  herbaoe  dry  natter 
,,    ^^        ,    .  during  inside  collection  r  crlod 

Dry  Batter  consumed  .  weight  of  fecal  dry  matter  x  ^loht  of  fecal  dry  matter 


during  inside  coilectlon  period 
This  ratio  method  was  modified  for  us«  by  Lancaster  (126)  in  22  digestion 
trials  and  referred  to  by  Wallace  (216).  The  equation  for  the  factor 
(reciprocal  of  the  Indigestible  ratio)  has  already  appeared  in  this  discussion. 
The  feces  output  mm  ■ultlplled  by  this  factor  to  obtain  pasture  intake. 

Crarapton  and  Prudy  (48,  47),  Forbes  and  Garrigus  (67)  and  Reld  et  ai.(177) 
have  all  reported  use  of  this  method.  While  Cramptwi  and  Prudy  stated  that 
It  gtnm  an  accurate  picture  of  the  Intake,  the  latter  /.orkers  found  that  It  was 
not  too  useful  due  to  the  Inherent  errors  involved  in  technique. 
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Use  of  Indicators  for  Detexrainatlm  of  Consunption 

The  Indicators  already  discussed  with  regard  to  digestibility  trials 
could  be  employed  also  for  estimation  of  consumption.  The  indicator  methods 
also  have  the  special  advantacje  of  elltalnating  total  collection  of  feces 
{  65,  121,  122t  134,  140,  143,  164,  175,  188). 

Ssitii  and  Rcid  (195)  postulated  the  ne<^anies  of  arriving  at  the  dry 
Matter  intake  fay  use  of  the  following  etiuatlonst 

(a)  Fecal  Output  (^n*  dry  natter  per  day) 

CXoO^  eonsumd  (nK^day) 
Cr203  concentration  of  foces  (nign/gm  dry  matter) 

Cb)  Herbage  Intake  s  ^!^!^  .^^.  !^''  ^'^  g'atter/day) 

%  Indigestible  dry  ©otter 

Reid  et  3l.(l76)  sugtjested  that  an  ideal  aethod  of  measuring  eonstsf^stion 
would  be  use  of  a  coe^ination  of  indicators,  chronoQen  in  foraoe  (to  be  enpleyed 
as  an  index  of  Indigestibility)  and  another  added  in  knovm  quantity(a8  an  index 
of  fecal  outcto  per  unit  of  time)  ^itih  would  aeasure  both  digestibility  and 
intake  at  the  som  tlae*  Further,  grab  sat^llng  trauld  siit^lify  the  procedure, 

Nardi&on  and  Reid  (97)  eoi^>ared  the  dry  matter  intakes  estimated  by  the 
cooblMd  use  of  chroede  oxide  and  plant  chroinogen  in  the  cose  of  hand  feeding 
trials  to  the  "^aeasured  intake"  and  in  the  case  of  graxinc  trials  to  the  intake 
determined  from  the  total  collection  of  feces  and  the  indigestlbility  determined 
by  fecal  chrc^nonen  method.  Th^re  was  general  acre«wmt  between  the  estimated 
and  measured  intakes*  The  following  eqaatlon  was  established  to  represent  the 
relationship  between  tlMse  two  methods  of  aeasurlng  intake  for  arrivir^  at  the 
intake  under  graxing  conditions. 
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y    s    0.928K+ 0.827    mImm 

Y    at    i!ieasuT«d  intake  lbs/day  , 

X  s  estimated  intake  lbs/day, 

HUTRniVE  VALUE  HfflEX 

The  effective  nutritive  value  of  forages  is  dep«ident  on  the  Joint 
concept  of  the  level  of  naxinuB  voluntary  intake  «Awi  It  alone  ccmstituted 
the  ration  and  the  extent  of  Its  ultimate  yield  of  energy.  To  be  u«eful  at 
a  point  of  general  numerical  index  of  feeding  value,  Cranston  ct  ^.  (47) 
expressed  observed  forage  consuraption  thus* 

Rtlrtlv.  Intak.  .  Ot«°tve<l  Infakej.  100 

The  telative  Intake  of  forage  was  multiplied  by  the  digesticm  coefficient  of 
the  mexgy  to  get  the  f^utritive  Value  Index* 

mamsstm  kjuatiohs  as  aids  to  pasture  evaluation 

For  some  tlae  atteaqsti  have  been  a»de  to  equate  herbage  digestibility 
with  forage  coniposition  and  other  factors.  It  must  be  understood,  hovvever, 
that  eoiatitms  under  one  set  of  conditions  aay  not  be  applicable  in  all  casM 
since  there  is  gradual  chant-;e  in  composition  and  digestibility  of  the  materia 
Witt  mtority  of  the  forage*  This  situation  may  be  avoided  to  a  certain  extent 
by  the  cold  storaoe  of  fresh  herbage  as  suggested  by  Raymond  (171).  This  may 
not  be  a  serious  problem  if  the  decline  in  nutritive  value  of  the  forage  is 
uniform. 
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KMMdy  (114)  in  his  studies  used  'Um  follotdng  foTculas  eotnputed  by 
different  workers  for  estimating  digsstibility* 

(a)  Lanca«t«r      Y    «    94.04  -  2.95  x    (123) 

(b)  AUman     Y  s  90.00  -  2.61  x    i  t  ) 
(«)  Mae  MMkan  Y  »  92.61  -  0.06  x  (142) 

iAmt*  Y  •  Calculated  digestibility  in  all  eases 

X  B  Percentage  of  lignin  in  case  of  (a)  and  (b)  and  pereentage  of 
crude  fiber  in  formula  (c). 

Forbes  and  Carrigus  (68)  related  regression  of  organic  matter  digestibility 

on  lignin  c<mtont  of  Hry  natter  and  tho  equations  werei 

Y  -  100  -  4.71  X  (steers) 

Y  s  100  -  5.24  X  (wethers)  v^ere 

Y  s  Organic  matter  digestibility 
X  X  Linnin  content. 

Sehneider  ^  ^.  (186,  187)  have  suggested  «i  equation  to  relate  organic 
Mitt«r  digestibility  after  calculating  partial  re:ressi<Hi  coefficients  for 
different  kinds  of  feedt  /i 

Y  «  C  +  bjxj  +  bgXg  "♦■  ^*^  *  ^4  ^^    «*»ere 

Y  -  Digestibility  coefficient,  C  s  constant  for  the  nutrient, 

'^l*  ^2*  ^^3  ^^^  ^4  ^^  partial  recression  coefficients  and  x^»    7U»    x^ 
and  x^  are  moieture  free  percentages  of  crude  protein,  crude  fiber,  nitrooen 
fzeo  extract  and  ether  extract  respectively. 

The  following  signific^it  rectilinear  recressiims  of  fecal  nltrocm 
excretlM)  in  percent  of  dry  matter  intake  (Y)  on  the  crude  protein  content 
(x)  of  herbage  vwre  v«ozked  out  by  Koodt>  «nd  Breirem  (106). 
First  cutting  herbage    Y  ■    0.452  +  0.00935  x  r    -  0,81 

2nd.  and  3rd.  cutting  hertage    Y  m  0.264  -f  0.03214  x      r  £  0.80 
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Kallsworth  (88)  found  tho  follondng  xolatlcmship  betwMH  fiber  content, 
starch  equivalent  and  dicjwitibilityi 
Starch  ec^ivalent  3  73.56  «  0^2  x  (fiber  content) 
Digestion  coefficient  -  78.07  -  0.74  x  (fiber  content). 

Preston  ^  a^.  (168)  calculated  the  regression  of  dry  matter  in  feces  en 
dry  matter  in  ^«d  (grass  only)  ae  the  independent  variable.  The  pereentag* 
digestible  dry  matter  was  found  by   YslOO(l->b)iS|^  t^er* 
Y  s  Digestibility  percentage,  S|j  -  Standard  error  of  regression 
coefficient,  b  s  Regressicm  coefficient  reparssenting  output  of  feces  per 
unit  feed  ingested. 

Glover  si.  Il»  (32,  83,  84)  studied  apparent  digestibility  in  relation  to 
crude  protein  in  cattle  md  sheep  of  both  tsnperate  and  tropical  breeds  by 
means  of  trials  of  herbage  analysis  in  nany  parts  of  the  world  and  arrived  at 
Xhe  following  equations  .. 

Y  m    70  log  X  -  15  where  Y  •  «fi||pl  digestibility  and  x  s  czude 
protein  content.  The  same  mjthors  in  later  studies  pointed  out  that  w^an 
exceptional  feeds  were  encountered  in  i*hich  the  crude  fiber/crude  protein 
relationship  was  abnormal,  accurate  results  could  be  obtained  from  the  following 
equation  for  ruminants 1 

DigestiMi  coefficient  ■  5  -«■  60  log  C.P.  -  0.33  C.F.  Similar  oqaatiom  were 
worked  out  for  other  aninals* 

Freer*6  formula  (71)  relating  nitrogen  to  digestibility  has  already  bem 
described. 

Phillips  and  associates  (165)»  estimated  the  extent  to  which  measured 
fermentation  rates  could  account  for  the  loss  in  weight  of  dry  matter  during 
digestion  in  Zebu  Cattle  mA  related  this  to  dry  matter  digestibility  tt»tsi 
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\    n    "  6.38  +  0.892  Xj  +  0.260  X3  viwf 

Xi    m     Digestion  coefficient,  X^    s  Rum«n  retontton  tUWf 

X3  X   ***«*>  fwawntatioo  rate.  The  multiple  correlation  coefficient  was  0.72. 

Greenlialt^  and  Corbett  (86,  87)  sucicested  the  following  equations  for  dry 
■atter  dioestlbility  (Y)« 

First  gxowtii  trials  Y  •  llj^j  +  44.9  ±  1.5         . 
Aftermath  Y  -  11^^  +  39.4  ±    1.5 

«h«ci  ^2  s  ^'  nitrogen  in  feeal  organic  aatt«^« 

For  relatinc  fecal  etiroaogen  the  •quations  were  expressed  thust 
First  growth  Y  «  9x2  +  ^"^  i  ^'^ 
Aftenwtlk    Y  s  4X2  -t^  ^^'^    t  1.5 
whez«       X2  r  units  of  ehromogm  p«r  gran  of  feeal  organic  matter. 

Later  the  sarw  vwrfcers  nodified  iJsm  squatlons  to  suit  the  season  and  level 
of  fertilization  of  9ntss«* 

Spring  H  (High  nitrocen)  Y  «  14.3  x  -  1.6  x^  +  48.0  (  i  0.85) 

Spring  L  (Low  nitrogen)   Y  «  19.3  x  -  2.3  x^  +  40.3  (  4  0.70) 

H  Y  -   9.8  x  -  0.2  x^  +  44.2  (  +  1.07) 

t  ,    Y  s  53.0  x  -  7.9  x^  -  15.1  (+ 0.92) 

ilMWf     X  a  units  of  chr<MaoGen  per  grsm  of  fecal 
organic  matter 

md  Y  -  Dry  matter  digestibility. 

■tyer  and  Loforcen  (148)  conducted  152  digestion  trials  and  demised  the 

following  ecjuations  to  relate  the  r^ression  of  total  digestible  mitrients  to 

the  licnin  and   fiber  contents  of  alfalfa. 

Y  s  84.57  -  3.21  X  where  X  »  ?  of  lifsnln  and 

Y  -  79.7  -  0.54  where  X  «  ?'  of  cmJe  flbor  and 

Y  a  Total  digestible  nutrients. 
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Most  recently  Sosulski  and  Patt«reon  (200)  woxfcod  out  a  ouXtiple 
««QX«8»ion  of  digestibility  of  energy  on  llgnln  and  protein  content  of  forages 
shidi  proved  to  yield  the  best  predictions  of  apparent  digestibility  for  species 
and  general  comparison  vihich  ivns  thust 

Y  •  T7.29  -  3«99  Xj  +  1,26  Xg  where  Y  s  Digestibility  %, 
X]^  s  %  of  llgnln  and  X2  «  ^  of  protein* 

BMBIGY  YIELD  OF  FORACE  AND  ITS  RELATIOH- 
SHIP  TO  TOTAL  DIGESTIBLE  fWTRIEKTS 

The  ultlcoate  purpose  of  any  feed  in  the  body  Is  to  su]^ly  energy* 
Quality  of  forage  then  depwKis  on  rate  of  cmtsumptlon  and  energy  Int^e  per 
unit  weight  (46,  94).  Assuming  that  o^or  dietary  eondltions  are  adequato 
the  following  relation^ips  could  be  establlshedt 

(a)  Aniraal  response  (milk  yield,  tissue  gain)  plus  fflaintonsnce  ;:;  Energy  Intake 

(b)  Energy  Intake  a  Dry  matter  intake  x  Energy  concentration,  and  therefore 

(c)  Forage  energy  Intake  s  Dry  aatter  Intake  of  forage  x  Energy  concentrati<m 
in  forage* 

Total  digestible  nutrients  do  not  strictly  reflect  biological  accuracy. 
Still,  they  provide  the  most  convenicmt  aeans  for  adoption  in  animal  nutrition 
rtteareh  since  the  conc<>pt  postulates  that  tM  feeds  are  of  equal  value  when 
their  total  digestible  nutri^^nt  content  is  the  saiM« 

Mit<^ell  and  Rise  (151)  zevievrad  the  literature  extensively  on  digestibility 
In  relation  to  energy*  LofgreMi  (132,  133)  suggested  that  digestible  energy 
could  be  expressed  on  an  oxganle  matter  basis*  After  conducting  digestion  trials 
a  conversion  factor  F  was  calculated! 

F  ar  M  (  *01  +  .00125  E)  vAiere  M  m  Organic  matter  In  feed  and  E  «  percent  of 
ether  extract  in  the  organic  matter* 
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Total  digestible  nutrient  values  v9X9  obtained  by  multiplying  the  pwreentag* 
digestible  energy  by  the  factorf  Ft  «)hleh  compared  very  well  v.>ith  the  con- 
ventional method  (Table  9}« 


Table  9»  GSoaparlson  of  conventional  and  organic  laatter  (O.M.) 
•etlKKle  for  T.D*N,  dotenainatiim  (132). 


Ration 


T 

t 

t 

•  No*  of 

t  trials 
J 


Diqestibility 

of  G.M. 


T,  D.  N. 


0«il«   t  Conven- 
Metiwd  t  tional 


% 


1*  Alfalfa  hay 

2.  Alfalfa  hay  & 

wet  beet  pu^ 

3.  Oat  hay 
concentrate 
mixture 

4.  Flax  hulls 


4 

4 


66.6 

71.3 

66.5 
42«6 


0.843 


0.234 


5S.9 


16.7 


55#2 


16.3 


0.838     55.7    55.6 
0J559     36.6    36.0 


Using  Lofcreen*8  mcthodt  ^^alker  wnd  Hepburn  (213)  calculated  gross  digestible 
energy  (C.D.E.)  and  computed  starch  ec^ivalont  values  in  viiich  Kcllncr's 
correction  for  exude  fiber  and  v;ioodman*s  addition  of  20  percent  wore  Incorporated. 
**(Gi:«)  s  (f^'JO^E.  X  F)  -  (  CP  X  0.88)  +  20?5  where  F  -  Conversion  factor, 
E  s  percent  of  ether  extract  in  organic  matter  and  CP  s  percent  of  crude  protein. 

Barth  and  coworkers  (15,  16)  wozfced  out  correlation  coefficients  between 
total  digestible  nutrients  and  digestible  energy  «^ich  were  very  close.  The 
follo^dng  recresslon  equations  were  i^teblished  for  brQB»  and  zeed  canary  crasses, 
respectively* 
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Y  m    189*82  +  42.87  X 

Y  -  758.43  +  32,98  X 

ii^ere  Y  s    Digestible  energy  and  X    m    %  T,D,N, 

Hm  M0»  «oxlc«rs  »oxfc«d  cut  a  similar  relationship  using  digestible 
protein  as  the  independent  variablet 
Calories  per  gnu  T»D  Jl.  «  4.343  4-  0*0199  X  where  t  m^  DlQmtible  protein. 

Walker  and  He|:dbuxn  (214)  in  a  later  study  established  the  relationship 
WtMeen  chemical  cor^positlon  ari  gross  dl@«itible  energy  (C«D«E«)  of  certain 
silages  and  also  the  correlation  between  netabolizable  energy  (^-^.E.)  and 
G  J}»E««  the  equations  for  ^ich  are  as  follovnit 
GJ).E.   8  86.6  -  1.94  (llgnln) 

G.D.E   ■  59.6  -  2.34  (lionln)  -f  0.52  (crude  protein)  -f  0.64  (c<>llulose) 
H.E.     •  0.884  GJ}.E.  -  0.58. 

A  cooparlscai  of  35  forages  showed  a  correlation  coefficient  of  +0.97 
b«t«mn  cellulose  dlnestion  jyft  vitro  and  Jjra  vivo.  Cellulose  digestion  jya  vitry 
«»s  also  significantly  related  to  digestible  energy  as  sho«n  in  Table  10. 

Table  10.  Preriiction  ecfuatlwis  for  Mtlaating  nutritive  value  of 
for  aces  frora  iQ  vij^jss.  and  JLH  vivp  techniques  and  forage 
composition  data    (101). 


»  I  i      I 

»        X         I    Regression       t      »  Coefficient 
J I  t«rtlffn '.     S*P*  t    of  variation 


%  cclluloso  %  cellulose 

digested  in  vivo  digested  |n  vitro   Y  «  30.7  +  0.769  X   2.06    2«66 

Oigestibl*  %  ct^llulose 

Ensigy  tfig««ted  ^  vitr9    Y  s  11S5  +  29.81  X   125     4.20 

DigesUblo  Axelsson  -  Reld  - 

Energy  Swilt  fossiuU      Y  -  4024  +  16.70  X, 

+  49.31  X2      194     6.47 


X^  s  ^  of  protein  In  dry  matter.     Xj  z  ^'  o'  crude  fl^  in  dry  matter. 
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FACTORS  AFFECTIHG  FEEDIflC!  VALUE  OF  PASTtmES 

The  eewwoie  use  of  pasture  is  linked  with  effective  utilization  at  the 
rioht  tine  coupled  v/ith  sound  nonaoerial  decisions.  Though  levels  of  intake 
may  not  seziously  affect  dioestibility  it  has  been  observed  in  several  studies 
that  heavy  grazing  places  {Mreeinns  em  intake  and  digestibility.  As  intensity 
of  grazing  increases  there  is  a  corresponding  decrease  in  proteiny  ether 
extract^  gzoM  ilMnrgy  and  |ilK»^lkerous  wi^  an  increase  in  llctiin  in  the  feed 
consumed  (162,  219)* 

Fertilization 

Though  nitrogen  fortilizatlon  is  not  a  sound  oconoaie  proposition  in 
range  pastures*  tone  and  cultivated  pastures  are  very  inuch  influenced  by 
application  of  fertilizers  not  only  by  way  of  yield  but  also  in  biological 
value  (29«  49»  52).  The  effects  of  nitrogen  application  and  clipping  intervals 
on  the  total  dry  forage  {xroduced  in  a  mixture  of  oats^rye  rass  and  crimson 
clover  mixture  are  detailed  in  Table  11. 

laxd  (217)  in  ai  eidiauetive  review  of  the  subject *  has  concluded  that 
not  only  yields  but  also  nutrient  levels  in  plants  vfere  increased  by  fertiliza- 
tion* It  was  further  pointed  out  that  biological  assays  of  foraoes  witii 
different  fertilizer  treatinents  yielded  varying  results. 

Eboyles  and  Fribourg  (29)  pointed  out  that  with  an  increase  in  fertilizer 
IMm  0  to  120  pounds  per  acre*  there  was  a  corresponding  increase  in  dry  natter 
arrf  nitrogen  percentages  in  the  forage.  On  the  other  hand  ^edin  et  si.  (220) 
reported  that  heavy  fertilization  tended  to  decrease  feeding  value  as  atasured 
by  weight  gain  thougb  aoderate  fertilization  had  a  favorable  effect* 
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Th*  umiE  «M  l^tfthtr  ntttfiMM  to  ««G«nain  ^m  4lgMtU»IUiy  of  fox«9« 
mNr  a  tapplfmfwy  fMd  mt  f «i  and  alao  to  d«t«c«tiit  Urn  «anotlti<»  of 
ti^Mtod  toUBt  turn  pMtwrm  wwpft  laxgsly  of  ono  pUnt  ipMlM  and  to 
Vtm  flMatoMMnt  of  digMtitstli^''  o^  individual  plant  eonpenaMto  «Mli  to  t««ww 
«r  »toM«    AartotoMM»  in  oxdex  to  owMawiia  tt)«  difficulty  of  total  ftooa 
eolleetion*  gt«b  iiwptoi  mm  taMR  totf  tto  satttlto  agmad  iwey  wall  wiHi 
tliM«  ebtainad  twm  «to  fa(»-dafy  Mop^aita  aaaploa  and  thoM  &9Umim&A  ton^ 
ventionally  «a  la  ahcmn  in  Td>la  4. 

r   .  Nitrogen  or  Protein  as  an  Indicator 

Reaults  0f  •jqMftmento  in  v^ich  knoMn  herbage  naa  fed  to  thtop  in  cagea 
by  Raymond  in  Near  Zealand  (170)  showed  the  folloi^lng  relstionship  bet«*eGCi 
nltrocM)  content  of  forage  dry  matter  and  oven  dried  feceei 
Percentage    N    in  feed    •    0,795  x    Percent  nitrogen  in  ash  free  feces 
♦  0.14  (t  •  .17), 

Lancaster  (  124,  125  )  conducted  52  digesti<^  trlala  covering  a  variety 
of  forages  ranging  in  protein  cont^t  from  10  •  36  percimt  and  established 
a  relationship  betvveon  the  weights  of  forage  organic  matter  stvi  total  nitrogen 
excreted.    Based  on  this  observation  organic  laatter  digestibility  was 
caloilatod*    He  postulated  that  fecal  nitrogen  excrat«i  per  unit  of  organic 
«Btt«r  «M  yanMCricably  constant^  the  average  being  0«8  ;t  0*1  gra*  per  100  gai* 
As  a  resulty  the  following  equation  wm  proposadi 
Digastibility  coefficient    r  ^^  "  "  •^    idwr« 
N    •    ^  of  nitrogen  in  ash-free  feces. 

The  figures  coc^ared  well  with  the  results  of  sisiilar  triala  conducted  by 
the  conventional  awthod.  Vihen  this  investigation  was  extMnded  to  include  many 
kinds  of  pastures  in  the  v;orld  the  e(H»it8nt  was  found  to  be  0*76    ^    0.11 
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Table  11.  Effect  of  nitrogen  application  and  clipplnc;  interval  on 
the  total  dry  forane  prothiced  in  an  oats  -  rye  rrass  • 
crimson  clover  mixture  (49). 


Clipping  IntezvaX 


2 

8 


Dry  natter  production  when  top  dressed  with  the 


16 


32 


48 


(lbs/A) 
2B30 
3900 
5810 


(lbs/A) 
3220 
4220 

mm 


(lb«/A) 
3960 
48S0 
6715 


Stag*  of  Maturity 


S%tt9«  of  Maturity  and  site  conditions  play  iti^rtant  roles  in  determining 
the  nutrient  content  of  grasses*  The  latter  incJlrectly  affect  the  chemical 
content  of  plants  through  soil  and  plant  development^  water  run  off  and  other 
mnrirorenontal  factors.  Cook   and  Harris  (40)  found  species  differences  in 
iliflnical  con^position*  Protein  content  decreased  with  increased  maturity. 
They  postulated  that  nutrient  content  was  influenoftd  by  many  interdepiiidMt 
factors  exerting  additive  effects. 

field  si  3^.(174)  found  that  the  date  on  »hidi  the  first  growth  vms 
harvested  was  the  laajor  determinant  of  Intake  and  digestibility.  With  advance 
of  groerthf  tbi  iignin  and  cellulose  contents  tsaziEedly  increased  .vith  a  deensM 
in  digestible  dry  matter  value.  This  is  an  universally  recocnized  phenooenoit 
idiieh  needs  no  entasis  (10,  38,  166,  220).  Kasstra  &^  al.  (110)  found  in 
iSL  yitf^  trials  that  separating  cellulose  from  lignin  improved  digestibility, 
indicating  ^at  the  latter  sot  vespenslble  for  this  inhibitory  effect. 
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In  8  very  recent  study  Spstfix  ©1  sl»(201)  deraonstrated  that  a  delay  of  15 
days  in  cutting  date  reduced  digestibility  and  milk  production,  A  species 
difforonce  MM  also  <rt>SGrved  evan  at  similar  sta9e*»  They  concluded  that 
65  percent  of  the  variation  associated  with  the  stage  of  maturity  (T^le  12) 
could  be  attributed  to  differences  In  int^e. 

Table  12,  Effect  of  hay  on  animal  »«p<m«e  by  lactatlng  cows  (:^1). 


Hay  fed  t 
(a) 

Average 
daily 
F*C.M«Der 
cow  (b). 

t 

1 

t 
1 
t 

Avsraae     i 
daily'      1 
ch^rtnes  in   * 
bo<^  wei'  ht  t 

Average     i 
dally  hay   < 
intake  (c)  i 

•mr* 

Avprare  daily 
intake  of 
concimtrate 
per  cow. 

(lb.) 

(lb.) 

(Ib./cwt.) 

(lb.) 

t 

40.4 

4  1.4 

2.92  +  0.24  (d) 

9.3 

2 

37.1 

+  0.9 

2.63  ±  0.34 

9.5 

3 

32.6 

+  0.6 

2.24  +  0.23 

8.9 

4 

34.3 

0,0 

2.29  ±  0,31 

9.0 

» 

31.4 

-  0.5 

1.69  +  0.34 

9.5 

(a)  Hay  1.  alfalfa-tirrothy-clover  harvested  5/25 

2.  "  •  »  »  V9 

3.  "  «  •  •  e/24 

4.  orchard  gtM  harvMted  V25 
5          "              -            ••                           6/29 

(b)  Adjusted  for  differences  in  production  level  anong  groups. 

(c)  Intake  on  90  percent  dry  natter  basis, 

(d)  Standard  deviation. 


U,4 


K--  K- 


Effect  of  Cutting  Interval  end  Height 

Kennedy  (112)  thoroughly  lnv«&tigat«d  this  aspect  and  cane  to  CMiclusions 
that  agxMd  «»»  or  less  \.ith  otiier  vK>xkers  (58»  159,  183*  221} •  Cutting 
hert>a9«  at  an  interval  of  six  to  eioht  vvseks  resulted  in  the  beet  yields  vbereei 
longer  or  more  frequmt  intervals  decreased  yield  of  grass  nixtures*  Nltrocjen* 
ether  extract  and  ash  content  of  pastures  decreased  when  the  height  froci  nhich 
herfosge  i«ss  cut  increased  above  half  an  inch*  with  incrcasvs  in  licnin  and  crude 
fiber  contents* 

On  the  other  hand^  Moodeaen  and  Evans  (223)  noticed  no  deterioration  due 
to  systcras  of  cuttinos*  nor  did  continuous  wttino  lead  to  any  falling  off  in 
quality  as  judged  from  both  chcjtnical  and  botanical  c(^>positions« 

Scttstmt  toaperature  and  humidity  are  all  factors  v4iic^  influence  the 
mitxitive  value  but  these  e^ain  are  IntevdOfMndent  on  staoe  of  growth 
(156,  159,  160), 

SYSTBUS  OF  CRAZIHQ  flWiiiM 

The  Biost  practical  way  of  harvesting  grasses  and  lenunrt^  at  the  peak  of 
their  nutritive  value  is  pasuraoe*  Livestock  are  wasteful  in  their  grazing 
habits*  Proper  stodcif^  rate  and  restricti(m  of  grazing  to  small  areas  to 
control  selection,  with  judicious  maiuig«8int«  are  factors  inoperative  to  increase 
efficiency  of  forage  utilization. 

Ttaree  irain  pasture  managemMit  systems  are  continuous,  rotaticmal  and 
soiling  systeos*  Recently  a  aore  intensive  type,  strip  crazing,  v^hich  is  an 
intense  modification  of  rotational  grazing,  has  cone  into  prominence. 
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rotational  rjrarlng  was  practiced  In  England  and  Genaany  frora  the 
early  19th  century.  It  did  not  receive  due  attention  until  after  the  5Vorld 
War  I,  It  «iM  Professor  Razaix>ld  of  Cexmaayt  **o  popularized  it,  designatinfl 
It  as  the  HoiMflhelm  systeo.  It  im'olved  systenatlc  rotation  of  anlmls  on 
pasture  and  particularly  heavy  annual  dressincs  of  cocncaerclal  fertilizers. 
Rotation  has  been  favorably  received  where  it  is  practiced  by  fanners  since 
it  not  only  Increased  capacity  and  produced  more  neat  and  ndlk,  but  it  also 
provided  for  extension  of  the  pasture  season  and  speeded  plant  recuperation 
(  3,  4,  19,  64,  100,  109,  158,  159,  7). 

Rotation  versus  Continuous  r.razing 

Rotational  grazing,  also  called  paddock  grazing,  consists  of  confining 
livestock  in  an  enclosure  so  sraall  that  they  are  caapelled  to  utilize  forage 
nore  uniformly  and  efficiently  in  a  given  time.  The  plots  are  grazed  in 
sueeession  and  any  excess  forage  harvested  and  utilized.  Aninals  are  turned 
out  for  a  proloncod  period  on  large  areas  for  continuous  grazing. 

These  two  systsew  have  boon  conpared  by  a  tnxsbet  of  woriEers  (31,  55,  90- 
151,  193,  198).  Bondage  and  Peterson  (31)  concluded  that  the  rotational 
system  yielded  nearly  three  times  as  tauch  total  digestible  nutrients  as  did 
the  continuous  system.  The  results  of  their  findings  are  given  In  Table  13. 
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Table 

13.    T.r>j9«  production  under  ttio  mm 

■qcbmbA  (ystms  (31). 

Souxve  of 

T.  D,N, 

I            Total 

T,D 

*' 

T.  D.  ?;. 

t 

t  Continuous 

1 

Rotation      » 

Continuov»  (b) 

1 

1      Rotation  (c) 

(IW 

(lb.) 

(Ih) 

(lb.) 

Grazing 

5680.9 

5929,8 
(5649.2)  a 

1183.5 

3138U 

May 

-. 

8312.0 

— 

2968*2 

Total 

5680.9 

14241.8 

1183.5 

3096*2 

(a)  1.8  acres  of  rotational  pastures  supplied  the  nutrients  in  parenthesis. 
The  remainder  was  supplied  by  6  day  cjrasimi  on  that  part  of  the  pasture 
Hhid)  also  produced  hay  and  Is  not  incliKied  in  the  calculati<»)s  to 
determine  T.D.M.  production  per  acre. 

(b)  4.8  acres. 

(c)  4.6  acres. 

Itille  «  oajority  of  woricers  confixswd  the  advantages  of  ii^  rotational 
system  with  regard  to  utllizaticm  and  pioductive  ability,  Lasslter  ft  AJL*  (128)t 
In  a  13.^ar  study  of  blueorass  pastures  did  not  find  any  adv«rtecje  under 
conditions  of  his  ex|p«rUMnt.  Davis  and  Pratt  (55)  pointed  out  the  disadvantages 
of  the  rotational  system  -  its  high  cost,  niore  awMgenent  required  and  the 
necessity  to  gras*  mom  attrare  forage  et  certain  times. 

----■•.•'  .*"     ,  * 

Soilage  SystM 

This  systera,  ala«  desi(;nated  zero  grazing,  involves  mechanical  cutting  and 
hauling  forage  to  livestock  kept  in  dry  lot.  It  rec^iz'es  fetfer  acres.  The  IstfK) 
is  saved  from  trasnpling  and  droppings  and  less  energy  is  spent  by  animals.  Both 
lecvM  and  steeis  are  utilised.  However*  the  hi^  cost  of  ttAfosat  sod  labor 
axe  disadvantages* 
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l#iile  there  arc  conflicting  reports  about  its  efficacy^  (17,  100,  107, 
106,  182,  197)  layers  (157)  felt  that  soilage  was  best  adapted  to  conditions 
Mhere  land  resources  are  limited  and  labor  Is  cheap*  According  to  Hoclund  (103), 
dairy  farmers  could  decrease  the  pasture  acreage  as  audi  aa  2&  to  30  per  c&at 
fay  using  zero  grazing,  but  one  should  consider  ahe^er  the  additional  cost 
would  yield  sufficient  return  to  offset  the  investment*' 

Rotation  versus  Strip  Hrazing  Systena   \, 

Strip  grazing,  also  kiKmn  as  break  grazing,  dally  rotational  grazing  or 
close  folding,  is  one*day  rotational  grazing*  It  is  popular  In  New  Zealand, 
England  and  lately  in  the  United  States* 

The  relative  merits  of  each  system  are  debatable*  i^allace  (215)  pointed 
out  that  strip  grazing  enabled  limited  8iq)plies  of  pasture  to  be  rationed  and 
fed  off  in  an  efficient  manner  over  an  eictendad  period*  It  proved  extremely 
useful  in  autum  and  winter  during  periods  of  slower  growth* 

Hoteat  £i  ol.  (104,  105)  and  other  investigators  in  England  11,  36,  70, 
194,  2D9t   210,  211)  aada  ^(tensive  studies  eooparlng  thaaa  two  systctns*  They 
succeeded  in  deraonstrating  an  ^if^rociable  increase  in  yield  with  the  strip 
system*  In  one  axpariment  this  systsn  yielded  215  and  201  cow  days  per  acre 
wharaaa  rotational  system  yielded  181  and  136  cow  days  par  acre  in  twa 
successive  years*  Similar  inereasM  in  milk  yield  and  body  gains  were  recorded* 
Undar  the  strip  systan  Hie  average  intake  was  24  pounds  of  diy  natter  eorapared 
t»  9B  pmmds  per  day  for  the  other  syatana  wa»a  Mcesssry  for  identical  yields* 

Brundage  and  covjorkers  (32,  33,  34,  35)  stated  that  it  was  possible  to 
•enpare  differences  in  production  during  different  grazings  and  differences  in 
procHiction  freai  each  pair  of  paddocks  during  any  particular  grazing  aa  wall  aa 
pertinent  interact icma*  Strip  grazing  yielded  decidedly  better  results  In  their 
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studies  (Tablft  14) • 

Tabl*  14*    Ceoparison  of  ttw  syttasw  of  pasturo  grazing  (32). 

•  t 

Particulars  t        Rotational        t      Strip 

Ho*  of  com  4                         4 

Acres  3,6                         3.45 

Days  on  pastura  75                          19 

AviMga  daily  productlcm  par  com 

m  FX;«M*  (lb.)  28.10                       33.18 

W^tjht  gain  (lb.)  0.33                       0.14 

Average  dally  grain  ration  (lb#)  5.1           5.1 

Production  per  acre  froa  {»«tuar« 

T«D^.  (2^)  1622          2061 

Stanterd  eov  days  101          129 


Under  reasonably  lenient  auniganant  a  given  quantity  of  pastaire  yielded 
ouch  the  sarae  in  both  systems  (215)  t^oreas  untter  heavy  grazing  ccmdltlons 
•trip  aystMB  was  sfi^icrior.  Lucas  (135)  postulated  that  stocking  rate  played 
a  oaiior  role  during  the  period  of  heavy  grotsrth.  However*  at  other  tlaett 
graxing  ■anaganwnt  asamad  a  greater  icoportance.  Neither  stodcing  rate  nor 
MMgwuii  aystett  affected  lailk  yield«  but  strip  gxesed  com*  showed  four  to 
flv«  percent  lower  feed  intake  and  better  groaa  efficiency.  U.S*0«A.  workers 
(flO)*  coiaparliJQ  both  the  systenw,  found  that  neither  total  digestible  nutrient 
yield  nor  animal  production  ms  significantly  affected  by  either  aethod*  New 
ZealaMi  and  other  AoKrlcan  woskers  had  •xpresaed  much  the  sane  opinion  (99»  10e» 
U5t  135,  197). 

In  a  recent  exporiment  Bnndage  (30)   fowid  liiat  dally  tierbege  ^••tlbility 
was  cyclic  In  rotational  grazing  whereas  in  strip  grazing  daily  variations  wne 
greatly  reduced*  That  th*  uniformity  in  intake  was  not  at  the  espense  of  quality 
was  indicated  by  the  greater  digestibility  of  forage  In  the  strip  system. 
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Multiple  regression  equations  were  computed  using  variables  as  shown  below 
iMlcii  w9xe   found  to  reduce  significantly  the  variance  of  milk  production. 
Rotational  grazing  Y  -  -.200  T  +  .470  D  -  ,019  «  +  27.51  ±    2#8X 
Strip  grazing      Y  -  -.057  T  -  #094  w  +  133.13  +  2.56 
Mhere  Y  «  Daily  Fi;.M«  in  pottftde*  T  «  Tine  in  days  from  initiatlOT  of 
grazintj,  0  ■  Daily  bccrbage  digestibility  percent  and  w  -  Daily  weight 
in  pounds. 

.   '  DISCOSSKH 

Sine*  it  is  the  <H>Ject  of  this  report  to  suggest  a  mcthody  beyond 
npNMdkt  of  evaluating  fo«oge  under  grazing  conditi<»)s»  it  is  worth  nhlle  to 
look  in  retrospect.  The  use  of  the  plant  ohroaogen  isethod  for  estUaating 
digestibility  is  well  suited  to  meet  the  needs  of  the  situatiwi.  one  of  the 
main  criticisms  levelled  against  this  ae^iody  was  that  it  was  not  suited  for 
idnter  forages  as  less  chroaogew  woe  recovered  in  feces  probably  because  of 
•etabolization  of  chn^nogens  in  the  presence  of  essential  oils  found  in  these 
fomQet  (39)*  Gven  thit  could  not  be  confiziMK)  since  it  ;ras  not  knoHR  «iieth«r 
ihopaMgens  absorbing  light  at  406  ^i  could  bo  antabolized. 

The  lignin  method  «ras  froujht  wi«i  difficulties  in  sanpling  xopvosnitatlve 
forage.  FUrtherr.iore^  lignin  digestibility  has  been  established  beyond  doubt* 
Saltonstall  (184)  had  to  face  this  problem  in  his  experiment.  He  indicated 
tliot  careful  hawdlpi^tng  of  similar  material  eaten  by  the  animal  as  it  grazed 
41d  not  givo  reliable  figures*  Kane  <gt  ^.(109)  in  their  oonqparative  study 
of  dtfferwi  aethodt  Amnd  that  the  lignin  or  the  corrected  lignin  technique 
using  total  collecticHi  of  feces  oave  sic^ificantly  lower  figures  than  tbo 
standard  collection  technique.  On  the  other  hand,  the  ehranocen  method  with 
partial  collection  techni(|M  mmajotf  irery  well  with  the  st»idard  method. 


Wdle  the  focal  nitzoren  aethod  has  be«n  tested  for  its  validity,  the  mtdn 
objection  to  It  »as  that  variable  proportlor»  of  netabolie  nitrocer, 
fmmed  part  of  the  fecal  nitrogen,  VmHtrnmof^  obtaining  representative  s«Bf>l«s 
of  forege  «at  a  eerious  limiting  factor*  The  procedure  of  Reid  (176)  «herebr 
the  concentration  of  chiewgea  In  forage  «««  conputed  by  a  predetezalned 
fenula  clreuBwented  forage  taaipllng,  alleidng  eatSaatlon  of  digestibility 
tmder  conditions  simulating  grazing* 

A  etep  «lil^  vwyld  save  labor  and  time  was  randon  (grab)  aanpllng  of  feeet 
for  dilOMgw  estlaatlon*  That  this  could  be  done  successfully  was  demonstrated 
hf  Reld.  Sonl  gt   aJL.  (190)  repoxted  no  dlumal  variations  in  digestibility* 
Hardlson  e^  ^.(95)  suggested  fecal  saeQ>ling  at  6  A.M.,  12  noon  and  12  nldnight. 
Eatinated  figures  with  this  procedure  did  not  significantly  differ  froo  those 
obtained  from  standard  trials. 

Aatrtfaer  factor  v*ldi  had  to  be  recocnized  la  tiiat  fecal  chroiaoc;ai  is  llcht 
labile  as  reported  by  the  authors  theroselvos  and  c<mflrB»d  by  other  Mrakera 
iIm>  felt  {»ec3utlons  could  be  tak«»  to  ovorcorae  this  difficulty.  The  fact  viaa 
pointed  out  by  Reld  that  complete  recovery  of  Ingested  chrociooon  was  not 
essential  in  the  ajmputatioi  of  digestibility,  provided  the  rate  of  recovery 
«as  constant  for  all  forages*  The  tuggestlon  of  Rayaond  (171)  that  cold  storage 
offered  a  convenient  method  of  studying  mmtf  problaeas  of  pasture  mitritioii 
might  be  sound  In  principle,  but  even  this  did  not  take  Into  account  the  ehangao 
occurring  as  a  result  of  selective  grazing* 

Garrlgw  and  Rude  (81)  listed  teveral  sources  of  error  In  the  "clipping* 
technifiue.  The  la^  of  acreetoent  In  clip' Ing  and  grazing  heichts  biased  tJne 
results.  The  use  of  yield  of  an  adjacent  plot  to  estimate  the  quantity  of  forage 
offered  in  the  ej^niaantal  plot  introduced  errors  necessitating  ropotltion  to 
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secure  accuracy.  They  felt  the  consumption-excretion  ratio  could  be  usefully 
employed  for  estimating  dry  matter  consumption  in  grazing  trials^ 

The  total  animal  requirement  method,  no  doubt,  was  a  distinct  improvement 
over  those  already  discussed.  But  even  here,  such  factors  as  differences  in 
fill,  energy  used  in  grazing,  temperamental  changes  and  environmental  factors 
biased  the  results.  In  spite  of  this,  it  v4ould  be  reasonable  to  argue  in 
favor  of  its  soundness  in  contrast  to  the  clipping  method  v^lch  is  purely 
empirical. 

Turning  to  the  latest  methods  developed,  evidence  adduced  tilted  the 
balance  to  the  logical  preference  of  the  chromic  oxide  method.  The  various 
implications  of  the  chromic  oxide  excretion  pattern  were  discussed  thoroughly. 
It  was  conclusively  understood  that  neither  intra-day  variation  of  chromic  oxide 
excretion,  effect  of  time  and  mode  of  administration,  nor  dosage  presented  any 
serious  problem  in  partial  sampling  of  feces.  Simultaneous  estimation  of 
digestibility  and  rate  of  consumption  could  then  be  successfully  accomplished 
by  the  use  of  a  combination  of  indicators  -  chromogen  and  chromic  oxide.  This 
would  not  only  eliminate  forage  sampling  but  also  total  fecal  collection. 

It  is  evident  from  a  review  of  literature  on  grazing  systems  that  it  it 
difficult  to  pinpoint  I'vhich  system  is  best.  The  advantages  and  disadvantages 
of  any  system  are  not  static  and  no  single  system  seems  to  fit  in  all  farming 
situations.  \*ile  English  vrarkers  felt  optimistic  about  the  strip  system  in 
regard  to  increases  in  milk  yield  and  weight  gain,  there  was  lack  of  unanimity 
among  United  States  and  New  Zealand  workers  on  this  point. 

Cornell  workers  (115)  believed  that  both  the  systems  were  similar  in  so 
far  as  daily  milk  yield  was  concerned.  Still  they  felt  that  the  strip  system 
was  superior  inasmuch  as  the  herbage  was  more  efficiently  utilized.  The  coivs 
on  the  rotational  system  spent  considerable  time  moving  up  and  down  the  fence 
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line  and  upp^vred  to  be  hungry •  Thi6  gave  rise  to  a  point  that  if  ailk 
production  was  the  eritoricait  heavy  stocking  rates  had  to  be  used* 

On  the  other  hand  U«SJ)*A.  vsjoricers  (85)  felt  that  under  conditi<ms  of 
their  •J^riaentf  conventional  rotational  garazing  offered  a  better  8oluti(»i» 
TIm  eiinilarity  of  efficiency  in  both  the  systems  was  explained  on  the  basis  of 
identical  quantities  of  forage  «asted»  since  the  amounts  initially  available 
urere  essentially  the  sane*  The  mere  existence  of  this  or  that  system  had 
little  bearing  on  the  extant  of  grazing  waste  since  overstockinc  or  under* 
stocking  was  not  necessarily  eliminated  by  either*  tt  was  tmlikely  that  any 
waste  could  occur  from  ixiderstocking  in  the  strip  system  since  the  area  is 
fixed  on  a  daily  basis*  These  workers  recognized  that  strip  grazing  reduced 
wastes  resulting  from  conventional  rotation  grazing  of  tall  and  mature  crops* 

Smith  and  Kcyes  (197)  exatnined  the  econonics  of  rotational  and  strip 
systems  and  found  the  average  cost  of  producing  100  pounds  of  milk  was  $1*19 
and  $1*29»  resi>ectively*  The  factors  that  might  have  contributed  to  this 
situation  isere  that  the  forages  in  their  experim«)ts  were  larrely  unfertilised 
grasses*  It  tswis  obvious  ti^at  more  intensive  systems  of  mznanera^tt  are 
feasible  only  vdth  heavy  yielding  crops« 

SUMMARY 

llM««rch  in  pasture  forag*  has  lagged  mainly  for  want  of  precise  measurement 
^^MllBiqiies*  Chemical  coiip>8ition  provides  some  Index  of  its  nutritive  value* 
The  nature  of  crude  fiber»  extent  of  lionification  and  percentage  of  other 
constituents  no  doiAt  givt  s«ne  indication  of  its  nutritive  vvorth*  Hotvevert 
they  do  not  reflect  the  true  picture*  Such  factors  as  species*  soil  fertllityt 
stage  of  gror/th,  and  other  enviitjnrrtontal  conditions  affect  the  coR^sition 
of  forages* 
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The  ultiast*  test  of  pasture  quality  la  th«  ability  of  the  animal  to 
utilize  it#  The  nreatest  problems  that  confaronted  research  uozkera  wwt 
selectivity  and  animal  variation*  While  the  latter  problea  is  not  an  in- 
sutnountable  one,  the  challenge  was  successfully  tackled  by  the  use  of 
rturanogen  todmlcMe*  The  definite  mathematical  relatitmshlp  that  existed 
bertvMfi  durenogtB  dry  matter  of  feces  and  that  of  c<»t«]Bed  forage  ellninated 
the  problen  of  sampling  .        ,% 

HeasuMMnt  of  fosrage  e<Mnsurq?ti<m  is  in^rtant  in  the  determination  of 
pesture  yields  and  digestibility.  The  clif^tog  method»  the  dry  natter  coo- 
•UD)ption-excreti(»i  ratio  method  and  the  animal  reo^iranent  ncthods  have 
inherent  errors  sod  hmee  do  not  merit  recommendation*  The  combiiied  use  of 
two  Indicators  (chronoren  as  an  index  of  Indlgestibility)  and  chronic  oxide 
(as  a  neasure  of  fecal  outc;o)  hold  nuch  promise  for  simultEuncous  measurement 
of  both  intake  and  digestibility* 

The  nixaerous  regression  equations  vJtdfh  relate  chemical  composition  to 
digestibility  were  reviewed*  The  greatest  limitation  for  adopting  ^ese  is 
their  applicability  Ui  all  sets  of  conditions.  The  j^  vitro  and  ijj  vivo 
techniques  lately  developed  require  further  rescar^  before  adoption*  The 
primary  value  of  any  feed  is  to  »ipply  onergy  and  any  procedure  that  aids  in 
cstiinatlng  the  available  energy  in  a  forage  vdll  be  of  much  benefit*  Lofgre«n*s 
conversion  factor  very  well  may  be  adopted  for  this  purpose* 

Efficient  utilizatlwi  of  pasture  Is  indispensable  for  naxlnun  animal 
production*  No  partioilar  systen  seems  to  fit  in  all  farming  situatlwis  and 
there  is  no  general  agwaent  on  the  advantages  and  disadvantages  of  eadi* 
Rotational  grazing  1$  acclaimed  to  be  superior  to  the  continuous  system  witii 
regard  to  efficiency  of  utilization*  Strip  grazing  xJhitti  is  a  modification  of 
rotational  system  provides  for  better  utilization  of  growth  vitmi  pastures  ar« 


slowing  <lo«l  but  aoving  fences  and  bttt«r  mana^cracNit  are  chargei  to  b* 
reckoned  with.      Soiling  has  the  di«edvaRtag«  of  cost  of  cutting  and  hauling 
herbage*    Uuiar  certain  condititms  where  labor  is  cheap  and  where  land  Is 
•iQMOsivey  it  isay  be  resorted  to  v/ith  advantage  to  provide  feed  for  s  large 
herd* 
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i^attures  are  the  least  expensive  sources  of  Wholesene  and  nourishing  feed 
iCKT  iMdnntt  animals*  The  evaluati<m  of  the  feedinc  value  of  pasture  has  not 
kept  paee  with  that  for  other  kinds  of  feeds  due  to  inherent  difficulties 
involved*  Selective  grazing  «id  antiaal  variation  are  the  most  serious  probletM 
that  confront  research  woxkers  attarapting  to  neet  this  dtallenge*  This  vepoxt 
ewisists  of  a  review  of  the  differs!  metbedt  developed  for  forage  evaluation* 
Literature  ctmceming  the  in^portant  factors  affecting  the  feeding  value  of 
pastures  and  differ«)t  systens  of  grazing  Mmgenent  hat  been  critically 
reviewed* 

Chenical  composition^  thcKigh  a  valuable  indicator  of  the  nutritive  value 
of  any  feed,  does  not  reflect  the  true  picture  since  the  nutrients  in  a  feed 
are  not  utilized  by  the  body  in  their  entirety*  Animal  preference  and  gnslng 
to  random  heights  prevent  accurate  estijnetlm  of  actual  consiffK>tion  since 
representative  saucing  of  graxed  forage  is  difficult  to  eccorsplish*  SaRioles 
obtained  from  an  eso^^eal  fistula  may  solve  this  problem  to  a  certain  extent* 

Meesurenent  of  digestibility,  in  spite  of  its  limitations,  h«s  been 
generally  accepted  to  be  the  most  reliable  criterion  for  evaluating  feeds* 
BeHi  the  direct  and  indirect  methods  of  estimting  digestibility  were  teviewed 
ani  dttCBMMd*  External  indicators  MhlCh  are  relatively  indigestible  and  are 
MMnrly  completely  recoverable  and  internal  indicators,  naturally  occurring  and 
indigestible,  can  be  usefully  employed  in  digestibility  laeesurcRients*  Not  all 
MtlMlitat  however,  are  app.llcable  under  conditions  sinulatlng  crazing  since 
eBlnaXs  vary  in  their  grazing  bahavlMr  M  well  as  In  their  selectivity*  The 
tedmlqMes  develq;>ed,  using  a  definite  mathenatical  relatimshlp  between 
<iHMM9«  concentration  in  feces  dry  matter  and  constsned  forage,  afford  the  best 
answer  to  tlM>  problem  under  most  conditions.  The  greatest  lapediment  to  forage 


fr-r..i/-H 


•wpling  is  overcome  by  t^is  mathod. 

MMMKOiBent  of  forage  coneuaption  is  an  in^rtant  step  in  pasture 
•valuation*  Several  oethods  of  i»>asurin9  forage  yield  including  clii^ing, 
aniiaai  x«cpjir«aent»  eetitaaticm  froia  correcting  animal  neight  before  and  after 
grazing»  aniiDal<><]nit  days,  forage  consutapticNn,  e:tcrotion  ratio  aethod  and 
indicator  netiwd  mf  revieMd.  The  eoo^ined  uee  of  two  indicators,  chroiaogM 
in  forage  «Bployed  as  xt  index  of  indiciestibility  and  chrtxoic  oxide  as  an  index 
of  fecal  outcio,  facilitates  simultaneous  astsurement  of  digestibility  and  rate 
of  heiri>age  intake* 

M^ression  of  digestibility  on  sooe  of  the  chemical  constituents  of  pasture 
heirt)age  has  been  established  by  a  nuRdbKnr  of  uorkors*  Equntions  suitable  under 
<llffer<Mnt  conditions  have  been  ivorked  out*  They  can  be  usefully  «aployed  to 
«a9ar«ss  the  nutritive  values,  but  caution  is  necessary  in  their  application, 
since  it  is  doubtful  that  they  will  fit  in  all  situations. 

Recently  the  value  of  artificial  ru»en  techniques  in  evaluating  pastures 
has  been  investigated*  Con-elatims  betwe«n  iQ,  vitro  and  ij^  vivo  digestibility 
have  betn  estdbll^MKi  whidi  oaunwtml  favorably*  They  need  further  daveleixMiit 
i»  aerit  definite  recoonendation* 

Total  digestible  nutrients,  no  doubt,  offer  a  convenient  ai^aana  of  ex- 
pressing the  feeding  value  In  nutrition  veseexch  .hougl)  they  do  not  strictly 
gspresent  biological  accuracy*  Efforts  iiere  directed  to  find  factors  for 
cmnrerting  energy  values  into  total  digestible  nutrients*  Lofgreen*s  conversion 
factor  «4iidi  was  arrived  at  after  conducting  «  eeries  of  digestion  trials  aey 
be  adopted  for  this  purpose* 

Several  factors  sudi  as  fertility,  stage  of  maturity,  site,  soil  conditiom» 
cutting  height,  and  other  environmental  factors  sudt  as  season,  ten^rature  and 
hunddity  affect  the  feeding  value  of  pasture  fofage*  The  aore  recent  literature 


concerning  thas«  «»s  reviewed  and  dlscucsed* 

In  order  to  realize  th«  maxinun  production  frora  pastures^  it  is  iioperativtt 
that  th«y  should  b«  efficiently  utilized.  Since  llveetock  are  oesteful  in 
their  crazing  habitt  a  syeten  of  grazii^  sana^eraent  v^tch  vd.ll  yield  ciaxiouB 
results  should  be  adopted*  Dlffer<^t  eyeteas  of  gracing  meMgeoent  soth  M 
continuous,  rotationalf  strip  and  sollace  systems  and  their  relative  raerits 
were  discucsed*  !k>  pairticular  systeo  fits  in  all  silxiations  and  there  is  no 
gwieral  agreenent  cm  the  advantaces  and  dlsadvantaoies  of  esdi*  Proper  stocking 
rate  with  sound  wwiafflwront  is  essential  for  maxinn  mcploitation  of  pastures* 
However*  a  majority  of  workers  have  pointed  out  the  superiority  of  strip 
grazing  over  the  rotational  systea  for  good  pastures*  Uhder  certain  circun- 
stances*  »hen  labor  is  cheap  and  land  is  limited*  the  soilage  syeten  aay  h% 
adopted  to  advantage* 
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